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Stated  Meeting^  January  4i  1901, 

Vice-President  Wistar  in  the  Chair. 

Present,  10  members. 

The  Librarian  laid  upon  the  table  the  list  of  donations  to 
the  Library,  and  thanks  were  ordered  therefor. 

The  decease  was  announced  of  the  Et.  Hon.  Lord  Arm- 
strong, at  Cragside,  Eothbury,  England,  on  December  27, 
1900,  at  the  age  of  90  years. 

Dr.  E.  W.  Shuf  eldt  presented  a  paper  on  *  *  The  Osteology 
of  the  Cuckoos  (Coccyges).'* 

The  Judges  of  the  Annual  Election  for  OflBcers  and  Coun- 
cillors, held  this  day  between  the  hours  of  two  and  five  in  the 
afternoon,  reported  that  the  following-named  persons  wer6 
elected,  according  to  the  Laws,  Eegulations  and  Ordinances 
of  the  Society,  to  be  the  officers  for  the  ensuing  year : 

President, 
Frederick  Fraley. 

Vice-Presidents, 

Coleman  Sellers,  Isaac  J.  Wistar,  George  F.  Barker. 

Secretaries. 

I.    Minis   Hays,    Samuel    P.    Sadtler,    Edwin    G.    Conklin, 
Arthur  W.  Goodspeed. 
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Treasurer, 

Horace  Jayne. 

Curators, 

J.  Cheston  Moms,  Benjamin  Smith  Lyman,  Henry  Pettit. 

Councillors  to  serve  for  three  years, 

Richard  Wood,  Henry  Carey  Baird,  Samuel  G.  Dixon, 

Joseph  G.  Rosengarten. 

The  Society  was  adjourned  by  the  presiding  officer. 


THE  OSTEOLOGY  OF  THE  CUCKOOS. 
[Coccyges.] 

(Plates  I  and  II.) 

BY   DR.    R.    W.    SHUFELDT. 

{Read  January  4,  1901.) 

Introduction. 

My  first  paper  evidencing  any  special  interest  in  the  structure  of 
the  Cuckoos  was  published  in  The  Ibis,  of  London,  July  i,  1885 
(pp.  286-288),  and  was  entitled  *'0n  the  Coloration  in  Life  of  the 
Naked  Skin-tracts  on  the  Head  of  Geococcyx  californianus,"  being 
illustrated  with  a  fine  colored  figure  of  the  head  of  the  Californian 
Road-runner,  natural  size.  In  this  paper  the  osteology  of  Geococ- 
cyx was  not  touched  upon,  it  merely  calling  attention  for  the  first 
time  in  science  to  the  brilliant  scarlet  coloration  of  the  naked  areas 
on  the  back  of  the  head  of  the  bird  in  question.  This  paper  was, 
however,  soon  followed  by  another  in  January,  1886;  in  which  a 
complete  account  of  the  skeleton  of  Geococcyx  californianus  was 
given,  illustrated  by  three  plates,  devoted  to  figuring  the  skull  from 
three  or  four  points  of  view,  and  also  all  the  other  bones  in  the 
osseous  system  of  this  species.  It  was  published  in  7he  Journal  of 
Anatomy  and  Physiology  (London  and  Edinburgh,  Vol.  xx,  Part 
II,  pp.  244-266,  Pis.  VII-IX).  As  in  the  case  of  a  few  others, 
this  memoir  is  referred  to  again  below,  and  is  indeed,  without  its 
figures,  substantially  reproduced  in  the  present  work,  after  having 
been  thoroughly  revised  (and  augmented  slightly)  by  myself.     Al- 
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though  the  figures  to  this  memoir  were  not,  as  I  say,  here  repro- 
duced, I  have,  nevertheless,  devoted  one  of  my  present  plates  to 
the  bones  of  GeococcyXy  giving  four  of  the  skull,  one  of  which  has 
never  been  published  before ;  a  ventral  view  of  the  pelvis  published 
for  the  first  time ;  and  pelvic  limb-bones  of  a  subadult  individual 
to  illustrate  remarks  in  the  text.  These  bones  are  given  for  the 
purposes  of  comparison  and  reference. 

Again  in  the  same  journal  last  quoted  I  printed  in  October,  1886, 
a  brief  "  Osteological  Note  upon  the  Young  of  Geococcyx  califor- 
nianus  (Lond.  Vol.  i,  Pt.  i,  pp.  101-102),  in  which  certain  points 
of  interest  referable  to  the  tibio-tarsus  were  dwelt  upon. 

A  very  general  account  of  the  entire  structure  of  this  species  I 
published  still  later  on  in  the  Proceedings  of  the  Zoological  Society  of 
London  (Apr.  i,  1887.  Pt.  iv,  pp.  466-491,  Pis.  XLII-XLV,  2 
wcc.  in  text) — that  is,  apart  from  a  treatment  of  the  skeleton,  as 
that  had  already  been  published,  as  stated  above.  The  figures  to 
this  memoir  had  been  submitted  the  size  of  life,  but  were  subse- 
quently reduced,  a  fact  that  was  noted,  or  rather  record  made  of  in 
77ie  Auk  later  on  (  Geococcyx  californianus — A  correction.  Vol.  iv. 
No.  3,  July,  1887,  pp.  254,  255).  After  this  date  I  referred  to  the 
anatomy  of  the  Coccyges*  in  various  places  and  in  different  publica- 
tions, but  gave  no  extensive  work  devoted  exclusively  to  a  study  of 
their  osteology  as  a  whole. 

In  the  present  memoir  I  have  brought  together  all  the  material 
illustrating  the  osteology  of  the  Cuckoos  at  my  command,  and  have 
described  and  compared  it.  I  am  indebted  to  Mr.  Lucas  for  the 
loan  of  some  of  this  material  from  the  collections  of  the  United 
States  National  Museum,  where,  unfortunately,  they  are  very  poor  in 
Cuckoo  skeletons.  The  balance  of  what  I  have,  has  been  either  col- 
lected by  myself  or  for  me  by  others. 

Representatives  of  the  Suborder  Coccyges  are  found  in  many 
parts  of  the  world,  and  Cuckoos  present  us,  in  the  forms  already 
known  to  science,  with  a  list  of  some  one  hundred  and  sixty  or  more 
species,  exhibiting  great  variation  in  structure,  size,  coloration  and, 
indeed,  general  morphology.  Their  peculiar  habits  of  nidification 
and  other  eccentricities  that  characterize  them  are  known  to  ornithol- 
ogists and  ornithotomists  alike,  and  need  not  be  reviewed  here  in  a 
work  upon  their  osteology.  Some  Cuckoos,  the  ''Tree  Cuckoos" 
so-called,  are  arboreal  types,  rarely  alighting  upon  the  ground. 
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while  others,  such  as  our  Californian  '*  Road  Runner,**  are  naturally 
terrestrial  habitues,  and  only  occasionally  alight  in  the  larger  trees. 
Both  Africa  and  Madagascar  contain  wonderfully  interesting 
Cuckoos,  and  other  birds  so  closely  related,  that  by  some  system- 
atists  they  have  been  associated  with  them. 

Our  own  United  States  avifauna  offers  a  number  of  some  very 
interesting  species  of  the  Cucuiiday  and  these  will  be  osteologically 
treated  in  this  memoir,  and  it  is  hoped  that  such  characters  as 
their  skeletons  present  may  be  eventually  useful  when  our  material 
in  the  museums  admits  of  a  more  extended  morphological  and  taxo- 
nomial  study  of  the  entire  family. 

In  lower  California  and  Texas  we  have  Crotaphaga  sulcirostris^ 
and  its  ally  C  ani  in  southern  Florida.  I  have,  thanks  to  Mr. 
Lucas,  of  the  U.  S.  National  Museum,  some  material  illustrating 
the  skeletons  of  both  of  these  types.  Through  the  southern  parts 
of  southwestern  United  States  we  also  find  Geococcyx  calif ornianusy 
— a  large  and  interesting  species  of  Ground  Cuckoo.  This  species, 
as  stated  above  in  my  Introduction,  I  chose  several  years  ago,  to 
present  a  paper  upon  its  osteology,  and  it  was  published  with  three 
Plates  in  the  Journal  of  Anatomy  of  London.  Finally,  we  have 
several  species  of  those  typically  American  Cuckoos  of  the  sub- 
family Coccyginoe.,  They  include  the  true  Tree-cuckoos  of  the 
genus  CoccyguSy  and  I  have  a  number  of  skeletons  of  them,  illus- 
trating both  adult  and  nestling  forms.  For  one  good  skeleton  of 
an  adult,  I  am  indebted  to  Dr.  W.  S.  Strode,  of  Bernadotte,  and 
to  my  son  for  an  alcoholic  nestling  of  Coccygus  americanus. 

As  a  group,  Huxley  considered  that  the  Coccygomorpha  occupied 
the  central  position  of  his  Desmognathous  division,  and  in  a  sub- 
division of  them  (Jf)  he  included  the  Musophagida,  Cuculida^  Buc- 
comda^  Rhamphastidcc^  Capitonidie,  and  Galbulidce^  adding  upon 
another  page  that  "Among  the  Cuculida,  Cuculus  canorus  is 
devoid  of  basipterygoids ;  the  palatines  are  rounded  off  posterio- 
extemally;  the  internasal  septum  is  well  ossified  and  unites  with 
the  maxillo-palatines." 

'*  In  Geococcyx  the  principle  of  construction  is  quite  the  same ; 
but  the  postero-external  angles  of  the  palatines  are  distinctly  indi- 
cated, and  the  beak  is  produced  into  an  elongated  triangular  form. 
A  slight  oblique  ridge  marks  off  the  flat  surface  of  the  maxillary 
process  of  the  palatine  from  the  excavated  body  of  the  bone.**  (P. 
Z.  S.,  1867,  pp.  444  and  466.) 
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Professor  Max  Fiirbringer  makes  a  suborder  Coccygiformes,  a 
division  of  his  Order  Coracornithes,  and  in  it  divides  the  genus 
Coccyges  into  the  two  families  Mmophagidot  and  CuculidcE,  the 
latter  containing  all  the  Cuckoos.i 

As  our  knowledge  of  the  morphology  of  the  group  now  under 
consideration  becomes  more  intimate,  the  general  tendency  is  to 
withdraw  from  its  many  species,  indeed  sometimes  an  entire  family 
or  more,  of  birds  that  in  former  times  were  considered  to  be  quite 
typically  coccygine  in  character.  It  was  Sclater  who  finally  re- 
moved the  Trogoncs  from  the  group,  and  in  due  time,  I  am  confi- 
dent the  Coccyges  will  be  fully  as  well  circumscribed  as  either  the 
Pici  or  the  Psittaci, 

Several  years  ago,  Coues  still  adhered  to  the  old  "  polymorphic 
group,"  the  Order  PiCARiiE,  and  divided  it  into  three  groups,  viz. : 
the  Cypseli/omieSy  the  Cuculiformes,  and  the  Piciformes}    Of  the 

1  "  FuRBRiNGER,  Max,  Ufitersuchungen  zu  Morphologic  und  Systematik  der 
Vdgel  {\%%1ii)i  and  on  page  1553  of  this  work  he  says,  «•  Mit  den  ektamphibolen 
Musophagida  und  den  zygodactylen  Cuculida  beginnt  die  Reihe  der  Baum- 
vogel  (Coracornithes  s.  Dendronithes).  Beide  sind  mit  einander  ziemlich  nahe 
verwandt  und  bilden  die  G.  Coccyges  und  So.  Coccygiformes,  welche  troti 
einzelner  specieller  und  ziemlich  hoher  Differenzirungen  der  Cuculidse  im  Gros- 
sen  und  Ganzen  doch  nur  eine  mittlere  Entwickelangshdhe  unter  den  Coracor- 
nithes erreicht  und  von  alien  Unterordnungen  derselben  von  den  Galliformei  am 
wenigsten  absteht.  Die  kleine,  enggeschlossene  und  jetzt  auf  die  aethiopische 
Region  bescbrSUikte  Familie  der  Musophagida  repraesentirt  den  primitiveren 
und  in  der  Abnahme  begriffenen  Typus ;  in  terti9U-er  Zeit  war  sie  vielleicht  auch 
iiber  Europa  und  noch  welter  ausgedehnt  (Necrornis  ?)  Die  naheza  kosmopoli- 
tischen  Cucu lidos  sind  weit  umfangreicher  und  mannigfaltiger  ausgebildet  and  in 
der  Hauptsache  hdher  diBerenzirt ;  von  ihren  Unterfamilien  dUrften  wohl  im 
Grossen  und  Ganzen  die  Phoenicophainse  den  tiefsten,  die  Crotophaginae  den 
hdchsten  Platz  einnehmen.  Ihre  paleontologische  Kenntniss  ist  allzu  mangel- 
haft,  um  systematische  Aufkl&rungen  zu  gelben. 

**  In  einer  nur  m&ssigen  Entfurnung  von  den  Cuculidtg  scheint  die  kletne 
Familie  der  neotropischen  Bucconida  zu  stehen ;  der  Mangel  eigener  Beobach- 
tungen  und  die  bisherige  UnvollstSlndigkeit  in  der  morphologischen  Untersuch- 
ung  irgend  eines  Vertreters  deiselben  machen  mir  eine  sichere  Entscheidung 
hinsichlich  ihrer  systematischen  Stellung  vor  der  vermuthlich  nS,her  verwandt 
dieselben  kehren  zugleich  ihr  Gesicht  den  Pici  zu,  ohne  aber  intimere  Relationen 
zu  ihnen  zu  besitzen.  Vorausgesetzt,  dass  die  bisherigen  Angaben  ttber  die 
Bucconida  richtig  sind,  bin  ich  geneigt,  beide  Familien  zu  der  G.  GALBULifi  zu 
verbinden  und  diese  als  eine  intermedi&re  Abtheilung  zwischen  die  Coccygi- 
formes (^Cuculida)  und  Pico-Passeriformes  (/^Vj)  zu  stellen.'* 

*  Coues,  E.     Key  to  North  American  Birds,  rev.  ed.,  1884,  P.  44^. 
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second-named  he  said  that  they  comprehended  the  great  bulk  of 
the  Order;  ''in  all,  about  fifteen  families,  rather  more  than  less. 
They  are  only  readily  limited  by  exclusion  of  the  characters  of  the 
preceding  and  following  groups.  The  sternum  is  usually  notched 
behind ;  the  syringeal  muscles  are  two  pairs  at  most.  The  feet  are 
generally  short ;  the  disposition  of  the  toes  varies  remarkably.  In 
the  ColiidcB,  or  colies,  of  Africa,  all  the  toes  are  turned  forward. 
In  the  Trogonid(By  the  second  toe  is  turned  backward,  so  the  birds 
are  zygodactyle,  but  in  a  different  way  from  all  others.  Families 
with  the  feet  permanently  zygodactyle  in  the  ordinary  way  by  re- 
version of  the  fourth,  or  partially  so,  the  outer  toe  being  versatile, 
are — the  Cuculida^  or  Cuckoos,  with  their  near  relatives  the  Indi- 
catoridcB  or  Guide-birds  of  Africa ;  the  Rhamphastidce,  or  Toucans, 
confined  to  tropical  America  and  distinguished  by  their  enormous 
vaulted  bill;  the  Musophagida,  Plaintain-Eaters  or  Touracos,  of 
Africa ;  the  Bucconida  and  Capttonida^  or  fissirostral  and  scansorial 
Barbets  of  the  New  and  chiefly  of  the  Old  World  respectively ; 
and  the  Galbulida,  or  Jacamars,  of  America.  (The  Cuculidce  and 
Musophagida  are  by  Garrod  placed  together  with  Gallinaceous 
birds.)  In  the  remaining  groups,  the  toes  have  the  ordinary  posi- 
tion, but  sometimes  offer  unusual  characters  in  other  respects. 
Thus  in  the  Alcedinida  (Kingfishers),  and  Momoiid(e  (Motmots  or 
Sawbills;,  the  middle  and  outer  toes  are  perfectly  coherent  for  a 
great  distance,  constituting  the  syngenesious^  syndactyle  or  attiso- 
dactyle  foot.  The  Bucerotidce,  or  Hornbills,  of  the  Old  World, 
characterized  by  an  immense  corneous  process  on  the  bill,  are  rela- 
tives of  the  Kingfishers;  so  are  the  Todidce,  a  group  of  small, 
brightly-colored  birds  of  Mexico  and  the  West  Indies.  Other 
forms,  all  Old  World,  are  the  Meropidce  or  bee-eaters,  the  Upupidtz 
or  Hoopoes,  and  the  Coraciidce  or  Rollers,  with  their  allies  the 
Leptosomatida^  of  Madagascar.*' 

Garrod  examined  a  good  many  Cuculine  birds,  and  he  divided 
the  CuculidcB  into  the  Centropodince  to  contain  the  Ground  Cuckoos, 
and  the  CuculincB,  or  True  Cuckoos.*  Several  years  later  I  exam- 
ined the  structure  of  Geococcyx  californianus,  and  in  the  opinion  I 

1  Garrod,  A.  H.  Collected  Scientific  Papers,  i88i,  p.  220.  This  author 
found  the  Cuculida  to  possess  the  ambiens  muscle,  two  carotids,  a  nude  oil- 
gland  and  caeca.  The  Centropodince  have  a  formula  AB.  XY  and  the  Cuculina, 
A.  XY. 
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then  arrived  at  it  appeared  clear  to  me  that  Garrod's  classification 
of  the  Cuculidce  was  well  supported."* 

Nitzsch  did  something  with  the  classification  of  the  Cuckoos, 
using  their  various  patterns  in  pterylography,  but  the  work  was  only 
partial  and  in  the  main  not  quite  satisfactory.' 

In  1873  (P-  Z.  S.,  p.  578)  Mr.  Sharpe,  of  the  British  Museum, 
again  attacked  them,  selecting  for  his  labors  the  cuculine  birds  of 
the  Ethiopian  Region.  He  made  two  subfamilies  of  the  forms 
there  represented  and  examined,  viz:  (i)  CucuHncB^  containing 
Cuculus  and  Coccystes,  and  (2)  Phanicophaince^  in  which  he 
placed  Fhcsnicophaes,  CentropuSy  Coua  and  others. 

About  twelve  years  later  another  important  paper  on  the  Cucuiidce 
appeared,  being  a  contribution  by  Mr.  F.  E.  Beddard,*  and  in  it  he 
agrees  in  the  main  with  Sharpe,  but  makes  some  few  but  apparently 
justifiable  changes.  His  opinions  are  deduced  from  a  study  of  the 
muscles  of  the  thigh,  the  syrinx  and  the  pterylosis  of  the  Cuculida. 
He  was  fortunate  in  being  enabled  to  study  a  very  large  series  of 
species  representing  some  thirteen  genera,  and  upon  this  material 
he  divides  the  Family  Cuculid.e  into  three  Subfamilies,  the  Cucu* 
iincBj  in  which  our  Coccyzus  is  found  in  group  (^) ;  the  Phani" 
cophaince,  containing  only  Old  World  forms ;  and  the  Ceniropodinm^ 

^Shufeldt,  R.  W.  Contributions  to  the  Anatomy  of  Geococcyx  californi" 
anus.  Proc.  Zodl.  Sac,  of  London^  1886,  pp.  466-491,  Pis.  XLII-XLV.  It 
was  shown  here  that  our  United  States  Cuculida  properly  belonged  to  three  sub- 
families, the  Croiophagina t  or  Anis,  the  Centropodina^  or  Ground  Cuckoos, 
and  the  Cucu/ina,  or  True  Cuckoos.  Besides  the  paper  on  the  Osteology  of 
Geococcyx,  published  in  the  Journal  of  Anatomy  of  London,  and  referred  to 
above,  the  writer  has  also  produced  two  other  minor  contributions  to  the  morphology 
of  this  bird — viz.,  one  in  the  Ibis  with  a  colored  plate,  showing  the  colored  skin- 
tracts  around  the  eye  and  back  of  the  head  CLond.,  1885,  pp.  286-288,  PL  VII) : 
and  the  other  in  the  Journal  of  Anatomy  of  London  entitled,  "  Osteological 
note  upon  the  young  of  Geococcyx  California nus^^  (Vol.  xxi,  pp.  loi,  102,  Figs. 
I  and  2).  The  last-named  will  to  some  extent  be  incorporated  in  the  present 
memoir,  and  both  have  already  bee  a  cited  in  the  Introduction  above. 

*  Pterylography,  English  edition,  p.  91. 

•  Beddard,  F.  E.  On  the  Structural  Characters  and  Classification  of  the 
Cuckoos,  P.  Z.  S.,  Lond.,  1885,  pp.  168-187,  wcc.  in  text.  In  this  paper  the 
writer  points  out  an  error  formerly  made  by  Owen  (Owen,  R.,  Comp.  Anat.  of 
Verts.,  Vol.  ii,  p.  177),  and  says:  "The  gall-bladder  is  stated  by  Owen  to  be 
wanting  in  almost  all  the  Cuculida.  This  statement  is  by  no  means  correct; 
indeed  the  gall-bladder  appears  to  be  very  generally  present,  and  thosi  cases 
where  it  is  absent  are  the  exceptions." 
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where  we  find   Geococcyx^  Crotophaga  and  Guira  all  associated  in 
another  group  b. 

To  this  last  arrangement  I  very  much  demur,  and  doubt  that  the 
retention  of  Geococcyx  and  Crotaphaga  in  the  same  subfamily  at  all 
expresses  the  natural  affinities  of  these  forms  within  the  family.  It 
will  be  seen  later  that  they  are  very  distinct  types  of  Cuckoos,  in  so 
far  as  they  are  osteologically  organized.  As  I  have  already  stated 
elsewhere,  I  believe  the  Crotophagince  constitutes  a  distinct  sub- 
family, and  the  summation  of  the  entire  morphology  and  a  knowl- 
edge of  their  especial  habits  will  go  far  towards  supporting  this 
arrangement. 

Osteology  of  Geococcyx. 

0/  the  Skull. — In  Geococcyx  we  find  the  osseous  superior  mandi- 
ble with  a  gently  curved  and  rounded  culmen,  the  curve  increasing 
very  modestly  as  it  approaches  the  apex.  This  part  of  the  skull  has 
a  broad  base,  being  both  deep  and  wide  in  the  rhinal  region,  while 
on  all  aspects  it  tapers  gradually  to  the  slightly  decurved  tip.  Its 
buccal  surface  is  flat,  with  cultrate  edges  somewhat  raised  above  the 
general  plane  behind.  Posteriorly,  this  face  is  encroached  upon  by 
the  palatines  and  maxillo-palatines.  Turning  to  the  lateral  surfaces 
of  this  mandible  (PL  I,  Fig.  i),  we  find  them  for  the  most  part  to 
be  slightly  convex  throughout  their  extent ;  the  only  exception  to 
this  being  seen  in  the  depressions  which  are  found,  one  over  each 
of  the  scale-like  projections  that  close  the  hinder  two-thirds  of  either 
nostril. 

These  last-mentioned  openings  are  of  a  subelliptical  outline, 
placed  longitudinally  nearer  to  the  edge  of  the  beak  than  its  culmen 
and  just  posterior  to  its  middle.  They  do  not  directly  communi- 
cate with  each  other,  but  are  external  apertures,  in  this  bird,  of 
osseous  tubes,  one  on  either  side,  which  are  produced  backwards 
nearly  to  the  rhinal  chamber,  being  encased  in  the  loose,  osseous, 
spongy  mass  that  almost  fills  the  otherwise  hollow  superior  mandible 
of  Geococcyx, 

In  the  skull  freshly  prepared,  and  before  it  dries,  the  cranio-facial 
hinge  enjoys  considerable  mobility,  and  its  position  is  clearly  indi- 
cated by  a  transverse  track.  Mesially,  this  region  is  depressed,  and 
may  show  the  last  sutural  traces  of  the  nasal  processes  of  the  pre- 
maxillary  therein.  Each  nasal  bone  has  been  so  completely  met 
by  the  various  surrounding  elements  that,  save  its  hinder  margin. 
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its  boundaries  are  hard  to  define  in  the  adult  bird  (PI.  I,  Fig.  i). 
This  is  not  the  case,  however,  in  the  skull  of  a  nestling  Geococcyx 
at  my  hand,  where  the  bone  is  easily  studied.  Its  premaxillary 
process  is  rather  long  and  very  slender,  while  its  two  remaining 
projections  are  broad.  Near  its  middle  it  is  perforated  by  a  small 
foramen,  which  we  find  persists  throughout  life  and  seems  to  corre- 
spond to  a  similar  minute  aperture  found  in  the  same  locali^  in  the 
skulls  of  certain  Kingfishers  {Ceryle).  All  three  sides  of  this  osse- 
ous superior  mandible  are  more  or  less  marked  by  anastomosing 
venations,  and  a  few  perforating  foramina  are  always  seen  near  its 
apex. 

A  lacrymal  in  Geococcyx  is  an  unusually  large  bone,  though  a 
light  one,  due  to  its  very  open  cancellous  structure  within,  and  its 
being,  perhaps,  pneumatic  besides.  Superiorly,  it  articulates  with 
the  frontal  and  nasal,  principally  with  the  last  on  the  lateral  aspect, 
though  it  departs  from  it  some  time  before  reaching  its  lowest 
point,  where  a  slit-like  interval  is  seen  between  the  two  bones. 
Below,  its  broad,  rounded  margin  is  placed  obliquely,  its  outer  and 
at  the  same  time  posterior  end  resting  upon  the  upper  side  of  the 
maxillary,  while  its  inner  and  anterior  end  being  elevated  just 
above  the  superior  surface  of  the  corresponding  palatine. 

The  posterior  aspect  of  the  lacrymal  is  concave  from  above 
downward,  in  conformity  with  the  somewhat  globular  concavity  of 
the  orbit,  while  anteriorly  it  is  correspondingly  convex  in  the  same 
direction.  It  lies  in  front  of  the  broad,  quadrilateral  ethmoidal 
wing  which  overlaps  it,  the  two  forming  a  very  complete  partition 
between  the  orbit  and  rhinal  chamber,  the  bone  under  consideration 
closing  the  outer  third  of  the  space. 

The  ethmoidal  wing,  the  form  of  which  I  have  just  given,  is 
pierced  above,  immediately  beneath  the  frontal  bone,  by  two 
elliptical  foramina,  the  inner  one  being  the  larger,  and  both  being 
vertical.  They  probably  transmit  the  olfactory  nerve  and  vessels 
to  the  rhinal  space. 

This  "pars  plana"  has,  like  the  lacrymal,  also  a  somewhat  can- 
cellous internal  structure,  the  plate  being  moderately  thick.  Its 
lower  and  outer  margins  are  concave  and  smoothly  rounded  off. 

The  expanded  anterior  extremity  of  a  maxillary  is  immovably 
wedged  in  between  the  nasal  above  and  the  posterior  dentary 
process  of  the  premaxillary  beneath.  Its  rod-like  extension  behind 
forms  about  the  anterior  third  of  the  very  straight  quadrato-jugal 
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bar.  The  horizontally  expanded  end  alluded  to  is  quite  ample  and 
may  be  perforated  by  numerous  foramina.  Its  maxillo-palatine 
development  will  be  described  when  speaking  of  the  under  side  of 
the  skull. 

The  remainder  of  the  quadrato-jugal  bar  becomes  gradually 
larger  and  club-shaped  as  it  nears  the  quadrate  bone,  to  rather 
abruptly  turn  inward  as  it  reaches  it,  and  is  inserted  in  a  vertical 
notch  in  the  usual  apophysis  of  that  element,  which  projects  directly 
outward  to  meet  it  (PI.  I,  Fig.  2). 

With  respect  to  the  quadrate,  we  find  that  its  orbital  process  is 
very  broad  and  flat,  being  at  the  same  tjme  very  short.  The  body 
of  the  bone  is  also  broad,  while  its  mastoidal  apophysis  is  twisted 
in  a  way  common  to  many  other  birds,  and  supports  at  its  summit 
two  articular  heads  with  a  distinct  valley  between  them.  At  the 
inferior  aspect  of  the  mandibular  foot  there  are  two  condyles  for 
articulation  with  the  lower  jaw.  The  inner  and  smaller  of  these 
is  hemi-ellipsoidal  in  form,  with  its  major  axis  in  the  same  straight 
line  that  constitutes  the  longitudinal  axis  of  the  corresponding 
pterygoid.  If  this  axis  be  produced  the  other  way,  it  is  found  to  be 
at  right  angles  to  the  long  axis  of  the  other  and  larger  facet  of  the 
mandibular  foot  of  the  quadrate.  Rather  a  broad  notch  separates 
these  two  condyles  from  each  other. 

The  quadrate  is  a  thoroughly  pneumatic  bone,  and  a  large  fora- 
men is  always  found  upon  its  posterior  aspect  half  way  between  the 
mastoidal  head  and  the  mandibular  foot. 

Both  the  sphenotic  and  mastoid  processes  are  well  developed  in 
this  bird  ;  they  are  of  about  an  equal  size,  the  first  being  directed 
downward,  and  the  last  downward  and  forward.  Between  them, 
and  carried  well  to  the  rear,  is  a  sharply  defined  and  rather  deep 
crotaphyte  fossa.  It  is  separated  from  a  like  depression  of  the 
opposite  side  by  an  interval  of  one  and  a  half  centimetres.  These 
crotaphyte  fossae  are  fully  as  well  marked  in  Geococcyx  as  they  are 
in  many  of  the  Laridos,  and  better  than  they  are  in  some  members 
of  that  group  of  birds,  better,  for  instance,  than  they  are  in  Larus 
Philadelphia, 

Owing  to  the  great  breadth  of  the  frontals,  the  orbit  is  completely 
sheltered  above  by  an  arching  roof,  the  outer  periphery  of  which  is 
concave  inward  and  bounded  by  a  sharp  edge.  This  orbital  vault 
usually  shows  posteriorly  a  few  perforating  foramina.  The  rostrum 
of  the  sphenoid  is  pneumatic  and  rounded  for  its  entire  length 
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beneath.  It  barely  extends  beyond  the  broad  ethmoidal  wings  in 
front  and  ascends  but  little  as  it  proceeds  in  that  direction.  In  the 
nestling  it  is  seen  to  be  sharp-pointed  anteriorly  and  grooved  its 
entire  length  superiorly. 

The  inter-orbital  septum  is  a  thin  partition  of  bone,  which  always 
possesses  a  considerable  quadrilateral  vacuity  near  its  centre.  This 
usually  merges  with  the  foramen  for  the  exit  of  the  optic  nerves 
(PL  I,  Fig.  i),  while  the  small  foramen  for  the  exit  of  the  oculi- 
motor  remains  distinct. 

As  might  be  expected  from  what  has  already  been  said  about  the 
orbit,  we  find  its  hinder  wall  also  very  broad  and  generally  concave 
forward.  At  its  usual  site  a  distinct,  irregular  foramen  of  some 
size  is  found  for  the  exit  of  the  olfactory  nerve,  and  this  branch 
passes  forward  in  the  living  bird  in  a  shallow  channel  on  the  inter- 
orbital  septum  beneath  the  frontal  for  its  entire  length,  where  these 
two  elements  are  united.  It  leads  to  the  inner  and  larger  of  the 
two  foramina  that  were  described  above  as  occurring  over  pars 
plana. 

Before  leaving  this  side  view  of  the  skull  it  will  be  as  well  to 
notice  the  large,  luniform  sesamoid  that  occurs  in  the  ligament  that 
passes  from  the  quadrato-jugal  to  the  hinder  border  of  the  articular 
cup  of  the  mandible.  This  sesamoid  is  present  on  both  sides  and 
in  all  the  skulls  of  Geococcyx  that  I  have  ever  had  the  opportunity 
of  examining. 

On  the  superior  view  of  the  skull  we  are  to  note  the  form  of  the 
bony  laminae  that  partially  close  in  the  external  narial  openings  from 
behind ;  the  position  of  the  two  small  circular  foramina  beyond  the 
cranio-facial  hinge;  and  this  frontolacrymal  region  generally. 
From  this  aspect  we  also  see  the  small  foramina  that  pierce  on 
either  side  the  orbital  roofs  behind.  Mesially,  and  between  these 
latter,  a  shallow,  longitudinal  groove  marks  the  cranial  vault.  Pos- 
terior to  this  again  we  find  a  smooth,  globular  and  ample  parietal 
region.  The  crotaphyte  fossae  may  likewise  be  discerned  from  this 
upper  aspect  and  a  glimpse  obtained  of  the  supra- occipital  promi- 
nence. Here,  too,  may  also  be  seen  the  manner  in  which  the  quad- 
rato-jugals  articulate  with  the  quadrates. 

Viewing  the  skull  of  Geococcyx  from  beneath,  we  find,  anteriorly, 
the  broad,  flat  surface,  already  spoken  of,  which  forms  the  lower 
face  of  the  superior  mandible  (PI.  I,  Fig.  2). 

Following  this  back  we  come  to  an  elongated  median  vacuity. 
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that  separates  the  anterior  terminations  of  the  maxillo-palatines. 
This  aperture  has  irregular,  jagged  edges,  and  through  it  we  may 
see  some  of  the  open,  spongy  bone  tissue  that  partially  fills  the 
hinder  portion  of  the  core  of  the  superior  mandible.  At  the  sides, 
the  posterior  processes  of  the  dentary  parts  of  the  premaxillary 
overlap  the  maxillaries.  They  are  long  and  triangular,  with  their 
apices  to  the  rear. 

Returning  to  the  maxillo-palatines,  we  find  them  to  be,  upon  this 
aspect  of  the  skull,  two  very  sizable,  elongated,  subcylindrical 
masses,  composed  of  an  internal  spongy  tissue,  but  encased  in  an 
outer  covering  of  an  extremely  thin  layer  of  compact  tissue. 
They  lie  parallel  to  each  other  and  to  the  median  plane,  nearly 
filling  the  interpalatine  space.  Anteriorly,  they  are  separated  by 
the  vacuity  already  described,  while  behind,  their  free  and  rounded 
extremities  slightly  diverge  from  each  other,  they  being  in  contact 
in  the  median  line  for  the  middle  thirds  of  their  lengths  (PI.  I,  Fig. 
2).  From  their  upper  sides  is  developed  a  mass  of  open  spongy 
tissue;  this  is  continuous  with  a  similar  structure  that  is  found 
within  the  superior  mandible;  it  reaches  out,  on  either  side,  to 
abut  against  the  inner  surfaces  of  the  nasals ;  it  joins  the  horizontal 
plates  of  the  maxillaries,  and  finally  supports  a  median  vertical 
plate  of  bone  that  stands  just  beyond  the  rhinal  chamber  proper, 
this  latter  space  being  free  from  its  encroachment,  as  it  is  from  any 
development  of  the  ethmoid  behind,  beyond  its  lateral  wings. 

The  anterior  half  of  either  palatine  is  quite  a  broad,  flat,  hori- 
zontal plate,  the  distal  end  of  which  indistinguishably  fuses,  and  is 
directly  continuous  with  the  horizontal  portion  of  the  premaxillary. 
To  its  inner  side  also,  in  this  locality,  it  completely  anchyloses 
with  the  corresponding  maxillo-palatine  (PI.  I,  Fig.  2).  For  the 
most  part,  however,  its  inner  and  outer  edges  are  free,  not  coming 
in  contact  by  the  inner  one  with  the  maxillo-palatine,  though  it  is 
parallel  to  it  and  separated  by  an  extremely  narrow  interval,  while 
its  outer  one  neither  touches  the  lacrymal  nor  the  maxillary,  but 
occupies  a  plane  inferior  to  both. 

The  posterior  half  of  a  palatine  also  lies  mainly  in  the  horizontal 
plane,  but  its  under  surface  is  a  concave  one,  and  its  upper  corre- 
spondingly convex.  Its  outer  free  edge,  directly  continuous  with 
the  outer  edge  of  the  anterior  half  of  the  bone,  sweeps  by  a  gentle 
curve  round  the  *' postero-external  angle"  of  the  palatine  to  its 
head.     Huxley  was  in  error  when  he  stated  (P.  Z.  S.,  1867,  p. 
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444)  that  these  angles  in  Geococcyx  "are  distinctly  indicated." 
They  are  rounded,  as  he  so  well  figures  them  for  Cuculus  canorus,  * 

The  inner  free  edge  of  the  bone  extends  from  the  head  to  the 
apex  of  a  small  pointed  process  in  front.  For  nearly  its  entire 
length  it  is  parallel  to  the  corresponding  edge  of  the  palatine  of 
the  opposite  side,  from  which  it  is  separated  by  an  interval  of  some- 
thing like  a  millimetre  or  rather  more.  From  this  edge  the  surface 
curves  outward  and  backward,  forming  the  "ascending  process"  of  the 
palatine.  This  terminates  in  another  longitudinal  straight  margin, 
which  is  applied  to  the  corresponding  one  of  the  opposite  palatine, 
and  both  unite  to  form  the  usual  groove  at  their  upper  aspects  for 
the  rostrum  of  the  sphenoid.  These  latter  opposed  edges  also  ex- 
tend from  the  palatine  heads,  likewise  in  contact  mesially,  to  a 
common  anterior  process.  This  latter  is  nearly  opposite  the  ante- 
rior end  of  the  rostrum,  and  from  its  extremity  in  front  projects  a 
free,  needle-like  and  rudimentary  vomer,  of  some  four  millimetres 
in  length.  It  does  not  come  in  contact  with  the  maxillo-palatines, 
but  lies  above  the  interval  formed  by  their  slightly  diverging  pos- 
terior extremities,  and  is  freely  articulated  with  the  palatines  at  the 
points  from  which  it  springs,  and  in  the  manner  described.  This 
diminutive  vomer  is  equally  well  developed  in  both  my  specimens 
of  Geococcyx. 

Careful  search  was  made  in  all  of  my  specimens  for  an  ossiculum 
lacrymopalatinum  {os  uncinatum)^  but  failed  to  reveal  the  presence 
of  any  such  ossicle.  This  diminutive  bone  was  first  described  by 
Brandt,  and,  as  is  well  known,  occupies  at  least  two  positions  in 
the  skull.  In  certain  Albatrosses  {Diomedea  brachyurd)  it  exists  as 
a  delicate  styliform  bar  connecting  the  descending  limb  of  the 
lacrymal  bone  with  the  upper  surface  of  the  corresponding  palatine. 
Other  birds  have  it  attached  to  the  infero-external  angle  of  the 
lacrymal,  where  it  may  project  freely  backward,  or  lie  along  the 
upper  surface  of  the  maxillary  bar  beneath  it.  Its  position  in  the 
Parrots  is  described  in  my  memoir  on  the  osteology  of  Conurus. 

According  to  Forbes,  *'  it  also  occurs  in  forms  so  different  from 
tl^se  [Albatrosses]  as  the  Musophagidae,  many  Cuculidse,  Chunga 

^  In  this  connection  compare  what  I  have  quoted,  in  an  early  paragraph  of 
this  memoir,  from  Professor  Huxley  with  a  footnote  which  appeared  in  my 
•«  Osteology  of  Geococcyx"  {Journ,  of  Ana/.,  London,  p.  247),  cited  above.  It 
must  be  that  the  skull  of  Geococcyx  which  Profctsor  Huxley  examined  was  either 
an  imperfect  or  broken  one. 
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and  Cariama^  as  well  as  in  some  Laridae  and  Alcidse,  so  that  its 
presence  is  obviously  of  no  particular  taxonomic  value.*'  i^ColL 
Scientif.  Mem.,  p.  415.) 

A  pterygoid  is  a  nearly  straight  and  slender  bone,  and  shows  not 
the  slightest  evidence  of  the  development  on  its  shaft  of  an  apophy- 
sis, and  indeed  there  is  no  necessity  for  such,  as  the  basipterygoidal 
processes  are  entirely  absent  in  this  bird  ;  and  the  pterygoids  when 
in  situ  occupy  a  lower  plane  than  the  basitemporal  region,  as  well 
as  being  at  some  distance  in  front  of  it. 

These  bones  articulate  with  each  other  anteriorly  and  with  the 
opposed  palatines;  from  this  point  they  diverge  at  an  angle  of 
about  85°,  each  to  meet  the  usual  facet  upon  the  corresponding 
quadrate  at  the  base  of  the  inner  and  smaller  condyle  on  that  bone. 

The  basi-temporal  region  is  elevated  above  the  prominent  and 
raised  boundaries  of  the  auricular  apertures ;  it  is  narrow  and  smooth 
and  lies  for  the  most  part  in  the  horizontal  plane.  In  front,  it 
presents  for  our  examination  a  thin  tip  of  bone,  arching  over  the 
common  aperture  of  the  Eustachian  tubes. 

Beyond  this  it  contracts  to  form  the  sphenoidal  rostrum,  a  con- 
siderable portion  of  which  is  unoccupied  before  we  reach  the  ptery- 
goidal  heads.  This  allows  these  bones  not  a  little  backward  play 
in  the  recent  specimen,  an  action  which  is  quite  possible  from  the 
more  than  ordinary  mobility  enjoyed  on  the  part  of  the  cranio- 
facial hinge. 

Either  external  auricular  couch  is  a  capacious  fossa,  well  defined 
by  a  raised  and  bounding  thin  wall  of  bone,  with  its  free  edge 
curled  in  all  round.  At  the  base  of  either  of  these  fossae  we  see 
strong  osseous  trabeculae,  converging  to  a  point  near  the  centre  to 
support  the  double  concave  facet  for  the  mastoidal  head  of  the 
quadrate.  These  stand  between  the  Eustachian  entrance  and  the 
passage  to  the  middle  ear. 

If  the  plane  of  the  basis  cranii  be  produced  posteriorly,  and  the 
plane  of  the  occiput  and  foramen  magnum  extended  to  meet  it,  we 
find  the  latter  makes  an  angle  with  the  first-mentioned  plane  of 
about  48**,  while  the  long  axis  of  the  fairly  well -developed  supia- 
occipital  prominence  would  be  perpendicular  to  it.  In  form  the 
foramen  magnum  is  broadly  cordate  with  its  apex  above ;  the  occi- 
pital condyle  at  its  lower  margin  is  small,  sessile  and  hemispherical 
in  outline,  being  so  placed  as  to  encroach  upon  the  foraminal  peri- 
phery for  about  one-third  of  the  condylar  arc. 
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Points  of  interest  within  the  brain-case  are  seen  in  the  presence 
of  a  strongly  marked  longitudinal  sinus  and  the  unusual  thickness 
of  the  walls  of  the  sella  turcica ;  its  fossa,  though  deep,  being  quite 
small,  while  at  its  base  we  find  a  double  entrance  for  the  carotids. 

As  a  whole  the  skull  of  Geococcyx  is  a  delicate  and  a  very  light 
structure  for  its  size,  air  gaining  thorough  access  to  most  of  its 
parts. 

The  mandible  (PI.  I,  Figs,  i  and  3),  seen  from  superior  aspect, 
has  the  typical  V-shaped  form,  with  an  extensive  symphysis,  which 
is  scooped  out  longitudinally  above.  Either  ramus  is  not  deep  in 
the  vertical  direction,  while  its  upper  and  lower  margins  are  promi- 
nent and  rounded,  the  former,  however,  becoming  sharp  as  it 
approaches  the  symphysis,  which  condition  is  sustained  to  the 
mandibular  apex. 

The  ramal  vacuity  is  large  and  occupies  its  most  usual  site ;  in 
outline  it  is  an  elongated  ellipse,  but  its  anterior  third  is  encroached 
upon  by  a  thin  plate  developed  on  the  part  of  the  dentary  element. 

An  articular  end  is  considerably  concave  above  and  presents  two 
facets  for  the  condyles  of  the  quadrate;  its  inturned  process  is 
much  tipped  up,  while  the  usual  pneumatic  foremen  is  seen  near  its 
apex.  Below,  its  convexity  conforms  with  the  convexity  of  the 
articular  excavation  at  its  upper  side,  and  its  angle  behind  is 
obliquely  truncate  from  above  downward  in  the  forward  direction. 

Beyond  an  articular  end  on  the  superior  ramal  border,  we  find, 
on  either  side,  the  coronoid  process  but  feebly  developed  and 
single. 

When  the  osseous  mandible  is  articulated  in  situ  with  the 
remainder  of  the  skull  its  tip  does  not  extend  quite  so  far  forward 
as  does  the  apex  of  the  superior  osseous  beak,  a  condition  present 
in  the  skulls  of  most  Coracomorpha  and  other  groups. 

In  the  hyoidean  apparatus  we  find  ftjly  the  anterior  two-thirds  of 
the  glosso-hyal  represented  by  a  thin  strip  of  cartilage,  while  behind, 
where  it  ossifies  in  front,  the  usual  median  foramen  is  seen,  having 
an  elliptical  outline.  Posterior  to  this,  on  either  side,  the  strongly 
marked  cerato-hyals  project  outward  and  backward. 

First  and  second  basi -branch ials  do  not  anchylose  with  each 
other,  the  former  being  short  and  thick,  the  latter  about  half  as 
long  again  and  tipped  off  behind  with  cartilage. 

The  elements  of  the  thyro-hyals  are  long  and  slender ;  they  like- 
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wise  terminate  in  cartilaginous  tips  and  curve  up  behind  the  skull 
in  thq  manner  most  usual  among  birds. 

There  are  about  twelve  osseous  sclerotal  platelets  in  the  circlet 
found  in  either  eyeball.  They  present  us  with  nothing  worthy  of 
especial  remark,  seeming  to  possess  their  most  usual  ornithic  char- 
acters. 

It  may  be  as  well  to  add  here  a  few  words  describing  the  ossifica- 
tions of  the  trachea,  and  we  find  for  the  entire  length  of  this  sub- 
cylindrical  tube  the  osseous  rings  which  compose  it  fail  to  meet  in 
the  longitudinal  median  line  posteriorly. 

The  interval  thus  formed,  which  is  not  very  great,  is  occupied  by 
a  thin  membrane  which  is  continuous  with  the  internal  tympaniform 
membrane  of  the  lower  larynx.  As  to  shape,  the  trachea  diminishes 
in  calibre  gradually  from  above  downward,  and  nowhere  in  its  con- 
tinuity does  it  present  any  enlargements  or  dilatations. 

This  does  not  apply  exactly  to  the  bronchial  bifurcations,  for 
each  one  of  them  shows  a  disposition  to  swell  just  before  arriving  at 
the  contracted  parts  of  these  tubes,  where  they  impinge  upon  the 
lung  tissue. 

We  may  reckon  either  of  these  bifurcations  as  being  partially 
surrounded  by  thirteen  semirings.  Of  course  in  this  bird,  as  I  say, 
the  entire  trachea  may  be  regarded  as  having  only  semirings,  but 
had  the  usual  number  of  these  united  behind  there  would  still  have 
remained  the  thirteen  semirings  to  each  bronchial  tube.  An  osseous 
pessulus  is  not  present  in  Geococcyx^  and  the  internal  tympaniform 
membrane  is  quite  extensive.  There  does  not  even  seem  to  be  any 
thickening  of  this  membrane  in  our  subject  where  this  bony  little 
bridge  is  located  in  those  birds  where  it  exists.  (For  figures  of  the 
trachea  of  Geococcyx  see  my  memoir  in  the  P.  Z.  S.  cited  above.) 

Of  the  Remainder  of  the  Axial  Skeleton — The  Vertebral  Column, — 
This  column  presents  us  with  eighteen  movable  vertebrae  before  we 
arrive  at  the  consolidated  pelvic  sacrum.  This  latter  contains 
eleven  more  segments,  thoroughly  united  together  and  firmly  joined 
to  the  iliac  bones.  Finally,  we  find  five  vertebrae  and  a  large 
pygostyle  in  the  skeleton  of  the  tail  of  Geococcyx, 

In  the  cervical  region  we  pass  twelve  vertebrae  before  we  come  to 
the  first  one  of  the  series  that  bears  a  pair  of  free  ribs,  the  thirteenth 
and  fourteenth  both  possessing  these  appendages,  and  in  both  they 
are  well  developed,  though  not  reaching  the  sternum,  through  the 
intervention  of  costal  ribs.     The  pair  on  the  fourteenth  vertebra 
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has  the  epipleural  processes  fully  as  large  as  they  are"  in  the  dorsal 
series ;  they  are  absent  entirely,  however,  on  the  first  pair  of  free 
ribs. 

Returning  to  the  atlas  we  find  this  segment  rather  delicately  con- 
structed, though  in  form  it  is  quite  like  what  we  find  in  other 
groups  of  birds,  the  Passer es  for  instance.  Its  neural  arch  is 
narrow  an tero- posteriorly,  though  the  canal  is  capacious.  A  perfo- 
ration is  seen  at  the  base  of  the  articular  cup  for  the  occipital  con- 
dyle, which  cuts  through  the  superior  margin  of  this  little  concavity. 
The  centrum  is  small  and  does  not  develop  anything  that  might  be 
called  an  hypapophysis.  On  the  axis  vertebra  we  note  the  presence 
of  a  low,  tuberous,  neural  spine,  occupying  the  entire  central  por- 
tion of  the  arch,  while  posteriorly  on  the  under  side  of  the  centrum 
a  feebly  pronounced  hypapophysis  is  seen.  The  odontoid  apophy- 
sis is  small  and  short  as  compared  with  other  features  of  this  verte- 
bra, a  fact  no  doubt  due  to  the  lack  of  depth  in  the  atlas.  At  either 
side  of  the  centrum  we  observe  a  delicate  and  vertical  spicula  of 
bone  which  completely  arches  over  the  vertebral  vessels,  constitut- 
ing the  last  remnants  of  the  lateral  canal  at  this  extremity  of  the 
column.  This  condition  is  often  met  with  among  the  Anatida  in 
the  axis  vertebra  of  those  birds. 

The  postzygapophyses  are  directed  backward  and  outward,  and 
are  very  powerfully  developed,  more  so  than  in  any  of  the  first  nine 
or  ten  vertebrae  of  this  portion  of  the  column.  The  facets  they 
bear  for  articulation  with  the  extremities  of  the  prezygapophyses  of 
the  third  segment  are  at  their  under  side  about  the  middle.  On  the 
third  and  fourth  vertebrae  we  also  find  a  low  neural  spine  placed  at 
the  centre  of  either  bone,  while  the  hypapophysis  is  becoming 
reduced  in  these  segments,  to  disappear  entirely  in  the  fifth  verte- 
bra. These  vertebrae,  as  in  so  many  of  the  class,  have  their  zygapo- 
physial  processes  joined  by  a  spanning  lamina  of  bone,  which  in 
either  case  and  on  either  side  is  pierced  near  its  middle  by  a  small 
elliptical  foramen  of  the  greater  size  in  the  fourth  vertebra. 

The  lateral  canals  occupy  rather  more  than  the  anterior  halves 
of  the  sides  of  the  centra,  and  the  processes  that  project  from  the 
under  aspects  of  their  free  margins  behind  are  short,  and  each  is 
separated  by  a  considerable  interval  from  its  fellow  of  the  opposite 
side.  This  great  inferior  width  of  the  cervical  vertebra  is  a  char- 
acteristic feature  of  these  segments  in  Geococcyx,  and  is  well  sus- 
tained throughout  the  series  until  we  come  to  the  free  rib-bearing 
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ones,  when  a  gradual  contraction  takes  place  as  we  pass  into  the 
dorsal  region.  But  even  here  the  segments  are  comparatively 
broader  in  their  transverse  diameters  than  we  often  find  them. 

In  the  fifth  vertebra  the  neural  spine  is  placed  further  forward 
on  the  bone,  but  is  very  small ;  it  is  absent  in  the  sixth,  or  only 
faintly  indicated,  and  it  does  not  appear  in  the  series  again  until 
we  find  it  as  a  pronounced  crest  on  the  fifteenth  segment.  Some- 
times, however,  a  low,  tuberous  elevation  marks  its  site  in  the  few 
ultimate  cervicals. 

Prezygapophyses  in  the  fifth  vertebra  stand  almost  directly  out- 
ward, while  the  postzygapophyses  very  prominently  point  to  the 
rear.  Little  modification  takes  place  in  the  former  of  these  pro- 
cesses as  we  examine  the  succeeding  vertebrae,  their  general  direc- 
tion remaining  about  the  same,  but  the  articular  facets  they  bear 
face  more  and  more  toward  the  median  plane  as  we  proceed  back- 
ward. With  the  postzygapophyses,  however,  the  case  is  otherwise, 
for  as  we  descend  the  cervical  series  we  find  these  become  gradually 
shorter  and  stouter  with  a  wider  divergence,  while  their  facets,  from 
facing  downward  and  outward,  come  to  look  almost  directly  down- 
ward. 

We  find  strongly  marked  metapophyses  surmounting  the  bases  of 
the  postzygapophyses  in  the  sixth  to  the  ninth  cervical  vertebrae  in- 
clusive; after  that  they  disappear,  and  are  but  feebly  reproduced  in 
the  dorsals,  where  they  occur  on  the  superior  aspects  of  the  ends  of 
the  transverse  processes. 

On  the  fifth  cervical  vertebra  the  lateral  canal  is  at  its  forward 
part,  appropriating  about  the  anterior  moiety  of  the  entire  centrum. 
Its  outer  wall  may  show  a  slight  perforation,  while  the  parapophyses 
which  project  from  it  behind  are  on  either  side  a  short  and  needle- 
like spine.  As  we  pass  down  the  series  this  perforation  becomes 
larger  and  larger,  until  in  the  tenth  vertebra  it  has  broken  through 
the  hinder  free  margin  of  the  lateral  canal  and  disappeared,  leaving 
in  the  segment  only  a  shorter  passage  and  a  deep  concave  notch 
indicating  its  site.  Pari  passu  with  this  change,  the  parapophyses 
and  pleurapophyses  pass  through  the  usual  evolution  in  that  direc- 
tion, to  result  in  the  perfect  and  free  pair  of  ribs  found  in  the 
thirteenth  vertebra.  Faint  beginnings  of  a  carotid  canal  are  also 
seen  in  the  fifth  vertebra,  in  the  presence  of  a  shallow  excavation 
at  the  anterior  end  of  the  under  side  of  the  segment.  This  be- 
comes better  and  better  marked  to  include  the  tenth  vertebra. 
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where  this  canal  is  moderately  well  protected  by  lateral  walls,  but 
in  none  of  the  series  does  it  become  a  closed  passage  as  in  some 
other  birds.  In  the  eleventh  vertebra  its  place  is  taken  by  a  strong, 
single  and  median  hypapophysis. 

This  last  becomes  faintly  tricornate  in  the  twelfth  vertebra, 
markedly  so  in  the  next  segment ;  the  three  prongs  springing  from 
a  common  pedicle  in  the  fourteenth,  which  pedicle  is  lengthened 
in  the  fifteenth ;  still  larger  but  without  terminal  prongs  in  the  six- 
teenth vertebra,  to  be  entirely  absent  in  the  succeeding  segment 
and  the  rest  of  the  column. 

In  the  atlas  the  neural  canal  is  capacious  and  transversely  elliptical. 
From  this  vertebra  it  gradually  changes  its  form  and  contracts  in 
calibre,  until  in  the  fifth  vertebra  we  find  it  nearly  cylindrical  in 
shape  and  much  reduced  in  capacity. 

Passing  down  the  series  it  gradually  changes  for  a^econd  time, 
so  that  in  the  eleventh  vertebra  it  is  again  found  to  be  large  and 
transversely  elliptical.  This  form  it  retains  through  the  dorsal 
series,  though  once  more  reduced  in  calibre. 

In  the  tail  vertebrae  it  is  at  first  triangular  with  apex  above,  to 
become  a  vertical  slit  as  it  enters  the  pygostyle. 

The  fifteenth,  sixteenth,  seventeenth  and  eighteenth  vertebrae  of 
the  column  in  Geococcyx  support  ribs  that  meet  to  articulate  with 
costal  ribs  below. 

These  ribs  are  broad  above,  but  become  more  and  more  rod-like 
as  they  near  their  haeraapophysial  articulations.  The  first  three 
pair  of  the  series  bear  large  epipleural  processes,  which  are  always 
anchylosed  to  the  rib  upon  which  they  appear.  These  three  also 
have  costal  ribs  connecting  them  with  the  sternum ;  this  I  believe 
to  be  as  small  a  number  of  the  latter  present  in  any  living  bird — 
/.^.,  only  three  haemapophyses  articulating  with  either  costal  border 
of  the  sternum.  The  last  pair  of  ribs,  or  those  coming  from  the 
eighteenth  vertebrae,  never  have  epipleural  processes,  and  their 
costal  ribs  do  not  reach  the  sternum. 

With  respect  to  the  four  vertebrae  that  bear  the  ribs,  we  find 
that  they  present  all  the  characters  of  the  dorsals  as  found  among 
Aves  generally.  The  neural  spines  are  lofty  and  quadrilateral  in 
outline,  each  having  its  superior  rim  capped  off  with  a  vertically 
flattened  tablet  of  bone.  The  diapophyses  are  rather  broad,  and 
project  directly  outward  from  the  sides  of  the  vertebrae,  having  the 
ribs  articulating  with  them  and  the  centra  in  the  usual  way.     Very 


22  SHUFELDT — OSTEOLOGY  OF  THE   CUCKOOS.  [Jon.  4, 

close  interlocking  is  evidenced  among  these  four  dorsal  segments, 
and  the  post-  and  prezygapophyses  are  no  longer  than  is  necessary 
to  afford  the  proper  amount  of  surface  for  their  respective  articular 
facets.  Anteriorly,  these  face  upward  and  inward,  precisely  the 
reverse  being  the  case  with  those  found  on  the  postzygapophyses. 

So  far  as  we  have  examined  the  vertebral  column,  the  articulation 
which  obtains  among  the  centra  is  upon  the  heteroccslous  plan — i.e^ 
the  anterior  facet  is  concave  from  side  to  side,  convex  from  above 
downward,  precisely  the  reverse  condition  being  present  in  the 
posterior  facet.  All  these  vertebrae,  as  well  as  both  kinds  of  ribs, 
are  eminently  pneumatic,  groups  of  foramina  occurring  at  the  usual 
sites  in  these  bones. 

The  Pelvis  (PL  I,  Fig.  4). — From  its  singularly  unique  form  the 
pelvis  of  Geococcyx  has  attracted  the  attention  of  a  number  of 
anatomists.  .  Owen  speaks  of  the  ilium  as  forming  behind  "  a 
prominent  ridge  in  most  birds,  which  generally  overhangs  the  outer 
surface ;  in  Geococcyx  to  a  remarkable  extent,  like  a  wide  pent- 
house, producing  a  deep  concavity  in  the  outer  and  back  part  of 
the  ilium,  where  it  coalesces  with  the  ischium."  ^ 

Marsh,  in  his  classical  work  upon  the  Odontoniithes^  again  calls 
attention  to  the  same  thing,  and  points  out  other  particulars  in  con- 
nection with  it,  making  admirable  comparisons  with  the  pelves  of 
Reptiliay  Tinamus  and  other  forms. ^ 

Strange  to  relate,  the  only  other  living  American  bird,  so  far  as 
I  have  examined,  that  possesses  a  pelvis  anything  like  the  one  we 
find  in  Geococcyx  is  the  common  Sora  Rail  {Porzana  Carolina). 

This  bird  not  only  has  either  ilium  forming  the  peculiar  outward- 
curling  crest  behind,  but  has  also  the  propubis  well  marked  and 
identically  the  same  style  assumed  by  the  anterior  portions  of  the 
ilium,  />.,  a  deeply  concave  inner  margin,  with  the  sacral  crista 
mounting  above  it  and  not  coming  in  contact  with  the  same. 

Viewing  the  pelvis  of  Geococcyx  from  above,  we  are  to  notice  the 
condition  just  alluded  to  as  well  as  the  raised  anterior  emargina- 

1  Anat,  of  Verts,  ^  Vol.  ii.  p.  34,  London,  1866. 

*  Marsh,  O.  C,  Odontomithes^  pp.  70-73,  Figs.  16-20,  Washington  Govern- 
ment Printing  Office,  1880.  There  certainly  can  be  nothing  thai  advances  our 
knowledge  of  the  exact  origin  of  birds  more  certainly  than  the  constant  compari- 
son of  recent  forms  \vith  the  material  palaeontology  has  thus  far  been  enabled  to 
supply  us— not  a  great  deal  as  yet.  Prof.  Marsh  never  seemed  to  allow  such  an 
opportunity  to  escape  him. 


1901.1  8HUFELDT — OSTEOLOGY   OF  THE   CUCKOOS.  23 

tions  of  these  ilia,  with  the  processes  that  project  from  their  middre 
points.  As  already  hinted,  the  ilio-neural  canals  are  here  open 
grooves,  and  the  neural  crest  of  the  sacrum  stands  between  them  as 
a  lofty  dividing  wall,  with  much  thickened  superior  border.  This 
latter  is  distinctly  marked  for  the  entire  length  of  the  sacrum, 
otherwise  the  individualization  of  the  vertebrae  composing  this  part 
of  the  bone  is  not  very  distinct,  as  few  foramina  are  to  be  found 
between  their  diapophyses  until  we  reach  the  last  one,  where  regu- 
larly occurs  a  large  pair,  throwing  the  ultimate  urosacral  into  bold 
relief. 

Upon  the  lateral  aspect  of  this  pelvis,  we  not  only  gain  a  better 
view  of  the  largely  developed  propubis  and  the  strangely  formed 
hinder  portion  of  the  ilium,  but  we  are  also  enabled  to  get  a  glimpse 
of  the  rather  small  subcircular  ischiac  foramen,  with  the  reniform 
antitrochanter  in  front  of  it.  This  latter  faces  almost  directly  for- 
ward and  only  slightly  downward,  and  less  so  outward.  Beyond 
this  again  is  the  acetabulum,  with  the  circular  perforation  at  its 
base,  the  postero-superior  arc  of  which  merges  with  the  periphery 
of  the  outer  cotyloid  ring  at  the  base  of  the  antitrochanter,  while 
directly  opposite  this  point  the  arces  of  these  two  circles  are  far 
apart,  and  an  excavation  occupies  the  intervening  space.  This 
grows  less,  of  course,  as  we  proceed  either  way  toward  the  base  of 
the  antitrochanter,  where,  as  I  have  said,  the  inner  and  outer  rings 
are  tangent  to  each  other. 

The  elliptical  obturator  foramen  occupies  its  usual  position,  and 
so  close  together  are  the  postpubis  and  ischium  that  an  exceedingly 
narrow  strait  leads  from  this  vacuity  into  the  obturator  space,  a 
long  narrow  interval  between  the  last  two  mentioned  bones.  At 
the  centre  of  the  triangular  area  among  these  three  apertures  at  the 
side  of  this  pelvis,  is  found  a  group  of  small  pnuematic  foramina 
which  assist  in  admitting  the  air  into  the  substance  of  this  light  and 
thoroughly  aerated  bone. 

The  Caudal  VerUbrcs  and  Pygostyle, — As  already  stated  above, 
the  caudal  vertebrae  are  five  in  number  (Plate  I,  Fig.  4).  They  are 
chiefly  noted  for  their  high  and  prominent  neural  spines,  the  two 
loftiest  being  seen  in  the  third  and  fourth  vertebras.  The  diapo- 
physes grow  longer  and  more  spreading  as  we  proceed  in  the  direction 
of  the  pygostle,  the  last  segment  possessing  them  longer  than  any 
of  the  others.  We  find  in  the  third  caudal  vertebra  a  small  anchy- 
losed  chevron  bone,  which  slightly  overlaps  the  bone  in  front  of  it. 
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This  apophysis  is  very  strongly  developed  in  the  last  two  vertebrae, 
where  it  is  also  anchylosed  to  the  centra,  is  bifid,  and  hooks  well 
forward  to  overlap  the  preceding  centrum  in  either  case.  Each  one 
of  these  bones  is  pierced  by  pnuematic  foramina  in  a  number  of 
places,  as  is  also  the  terminal  coccygeal  vomer. 

This  latter  bone  has  an  oblong  irregular  figure,  with  its  posterior 
margin  considerably  thickened,  the  others  being  cultrate.  The 
neural  cana^  is  continued  into  it  for  some  little  distance,  its  pas- 
sage being  denoted  on  the  sides  of  the  bone  by  a  longitudinal  smooth 
elevation,  which  gradually  tapers  away  to  the  postero-superior  angle. 

Of  the  Sternum  and  Pectoral  Arch. — The  sternum  of  Geococcyx 
is  a  thoroughly  pnuematic  bone,  but  air  does  not  gain  access  to  any 
of  the  shoulder-girdle  elements. 

In  the  case  of  the  former,  foramina  are  chiefly  found  in  the  con- 
cavities among  the  hsemapophysial  facets  on  the  costal  borders.  A 
few  scattered  ones  may  be  seen  in  the  median  line  upon  the  dorsal 
surface.     The  number  of  these  latter  vary  in  diff'erent  specimens. 

The  "  Road  Runner  "  has  a  two-notched  sternum,  which  gives 
rise  to  a  pair  of  flaring  xiphoidal  processes  on  either  side.  Its 
carina  is  fairly  well  developed  and  moderately  deep  only.  It  ex- 
tends the  entire  length  of  the  bone,  and  is  marked  upon  the  upper 
side  of  its  projecting  carinal  angle  by  a  roughened  facet  for  articu- 
lation with  the  hypocleidium  of  the  furculum. 

Osseous  welts  are  raised  upon  its  sides  to  facilitate  muscular 
attachment,  and  these,  in  some  specimens,  extend  on  to  the  ventral 
aspect  of  the  body.  The  inferior  border  of  the  keel  is  somewhat 
thickened. 

In  front  of  the  sternum  a  peg-like  manubrium  projects  out,  the 
lower  margin  of  which  is  longitudinally  marked  by  a  sharpened 
crest.  Below  this,  the  perpendicular  anterior  border  of  the  keel  is 
vertically  concave,  and  this  inferior  manubrial  crest  is  carried  into 
the  excavation  as  a  median  raised  line. 

Either  costal  border  is  very  short,  having  but  three  facets  upon 
it,  and  these  are  usually  close  together.  In  front  of  them,  on  either 
side,  a  prominent  costal  process  is  reared,  constituting  one  of  the 
most  striking  features  in  this  part  of  the  skeleton  of  Geococcyx, 

The  thoracic  aspect  of  the  sternum  is  very  much  concaved,  the 
ventral  side  being  correspondingly  convex.  Here  on  this  latter  we 
notice  well-marked  muscular  lines,  one  on  either  side,  commencing 
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at  the  outer  termiuation  of  a  coracoidal  groove,  and  running  back- 
ward to  a  point  about  opposite  the  middle  of  the  keel. 

The  coracoidal  grooves  do  not  meet  at  the  manubrial  base  in  the 
median  line,  and  each  one  is  characterized  as  being  a  deep  trans- 
verse notch,  with  upper  and  lower  lips  of  projecting  bone  and  ex- 
tending laterally  only  so  far  as  the  inner  or  anterior  limit  of  the 
base  of  the  corresponding  costal  process.  My  former  memoir  in 
Xht  Journal  of  Anatomy  gives  figures  of  the  sternum  of  Geococcyx, 
With  respect  to  the  pectoral  arch,  I  find  a  coracoid  to  be,  compara- 
tively speaking,  an  unusually  long  bone ;  its  sternal  or  lower  border 
extends  beyond  the  facet  proper,  in  order  to  fit  into  the  coracoidal 
groove  of  the  sternum.  This  end  of  the  coracoid  is  not  as  much 
expanded  as  we  find  it  in  some  birds,  but,  on  the  other  hand,  like 
many  of  the  Class,  its  outer  angle  is  produced  and  bent  upward  as 
a  projecting  process. 

The  shaft  is  long  and  cylindrical,  being  marked  down  its  posterior 
and  lateral  aspects  by  muscular  lines. 

At  the  superior,  or  really  anterior  extremity  of  this  bone  we 
find  several  noteworthy  and  interesting  characters.  Its  scapular 
process  is  very  long,  and  compressed  from  side  to  side.  This 
apophysis  reaches  forward,  and  by  its  slightly  dilated  extremity 
articulates  with  a  vertically  concave  notch  in  the  lower  part  of  the 
head  of  the  corresponding  clavicle. 

Another  meeting  between  these  two  bones  takes  place  above,  and 
this  is  effected  by  the  summit  of  the  coracoid  curving  inward 
toward  the  median  plane,  to  articulate  with  a  considerable  facet 
found  at  the  highest  point  of  the  clavicular  head. 

These  two  articulations  between  the  furculum  and  the  coracoid 
completely  close  the  tendinal  canal,  even  without  the  assistance  of 
the  scapular  behind,  though  this  latter  bone  materially  aids  in  in- 
creasing the  actual  length  of  this  tendinal  passage,  by  closing  up 
the  posterior  gap. 

The  OS  furcula  has  a  form  about  intermediate  between  the  usual 
U-  and  V-shapes  of  the  bone.  Regarding  it  from  a  lateral  aspect^ 
the  actual  form  of  one  of  its  transversely  compressed  heads  can  be 
better  appreciated,  as  well  as  its  method  of  articulation  with  the 
other  bones  of  the  girdle.  This  part  of  the  skeleton  of  Geococcyx 
has  all  been  figured  in  my  former  memoir  on  its  osteology  in  the 
fournal  af  Anatomy, 

Below  it  is  flattened  in  the  antero-posterior  direction,  and  termin- 
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ates  in  an  elongated  hypocleidium.  This  latter  articulates  when 
the  arch  is  in  situ  with  the  carinal  angle  of  the  sternum,  in  the 
manner  described  in  a  foregoing  paragraph. 

A  scapula  assists  to  form  the  glenoid  cavity  in  the  usual  way, 
contributing  about  half  the  surface  to  that  humeral  socket.  Its 
clavicular  process  reaches  far  forward,  to  make  an  extensive  articu- 
lation with  the  head  of  the  furculum,  when  the  bones  are  in  the 
position  they  assume  in  life.  It  also  rests  further  forward  upon  the 
scapula  process  of  the'coracoid  than  is  usually  seen  among  birds. 
Sometimes  we  find  the  posterior  third  of  the  long,  narrow  blade  of 
this  bone  bent  down  more  abruptly  than  in  the  specimen  I  have 
figured  in  my  former  memoir,  and  its  end  is  always  rounded  off, 
rather  than  being  truncated,  as  is  commonly  the  condition  in  Aves. 

At  the  outer  and  back  part  of  the  shoulder-joint  in  the  adult 
Geococcyx  occurs  usually  a  very  minute  sesamoid,  known  as  the 
OS  humero  scapulare,  and  I  am  led  to  believe  that  small  sesamoids 
may  yet  be  found  in  other  of  the  tendons  of  the  pectoral  extremity 
in  this  region. 

Of  the  Appendicular  Skeleton,  The  Pectoral  Limb, — Pneuma- 
ticity  is  extended  only  to  the  bone  of  the  brachium  in  this  limb, 
the  hollow  shafts  of  the  other  long  bones  being  charged  with 
medullary  substance. 

The  humeral  shaft  is  much  bowed,  and  in  such  a  manner  as  to  be 
convex  along  its  radial  border  and  concave  upon  the  opposite  side, 
which  concavity  is  more  apparent  owing  to  the  prominence  of  the 
ulnar  crest  and  the  peculiar  projection  of  the  distal  extremity  in 
the  continuity  of  this  curve. 

In  form  the  shaft  is  nearly  cylindrical  and  almost  entirely  devoid 
of  muscular  lines. 

At  the  proximal  end,  a  well-marked  valley  occurs  between  the 
ulnar  crest  and  the  spindleform  humeral  head.  The  former  has 
barely  any  pneumatic  fossa  at  its  base,  the  circular  foramen  there 
found  being  nearly  flush  with  the  general  surface  of  the  bone.  On 
the  opposite  aspect  we  find  a  short  though  prominent  radial  crest, 
which  makes  no  pretence  to  extend  its  lamelliform  plate  down  the 
shaft,  as  we  often  find  to  be  the  case  in  birds. 

The  distal  extremity  of  this  bone  presents  for  examination  the 
usual  oblique  and  ulnar  tubercle,  while,  as  already  alluded  to,  the 
ulnar  condyle  of  this  end  is  much  produced  and  very  prominent. 

The  anconal  aspect  immediately  above  the  trochlea  is  flat  and 
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smooth,  the  opposite  side  showing  a  broad,  shallow  groove  for  the 
guidance  of  the  tendons  to  the  antibrachium.  A  fairly  well  devel- 
oped "ectocondyloid  tubercle**  is  seen  at  its  usual  site,  on  the 
radial  border  of  the  shaft  just  above  the  oblique  trochlea. 

Following  the  example  of  the  humerus,  we  find  the  comparatively 
short  radius  and  ulna  very  much  bowed  along  the  continuity  of 
their  shafts.  This  gives  rise  to  a  broad  spindle-shaped  interosseous 
space,  the  two  bones  only  coming  in  contact  at  their  distal  and 
proximal  extremities  when  articulated. 

The  radius  is  not  nearly  so  much  bent  as  the  other  bone  of  the 
antibrachium,  and  presents  nothing  peculiar  about  it.  On  the 
other  hand,  the  ulna,  with  its  greatly  curved  shaft,  its  prominent 
row  of  secondary  papillae  and  its  well-developed  olecranon,  is 
quite  a  striking  bone  beside  it. 

Composing  the  elements  of  the  carpus,  the  two  usual  free  seg- 
ments are  seen ;  of  these,  the  radiale  has  pretty  much  the  same  form 
as  it  assumes  among  birds  generally,  while  the  ulnare  takes  on  an 
entirely  different  shape.  It  does  not  develop  the  two  limbs  or 
processes  that  straddle  the  proximal  extremity  of  the  carpo -meta- 
carpus when  the  bones  are  in  sitUy  as  in  the  vast  majority  of  the 
Class,  but  is  simply  a  bar  of  bone,  with  one  end  enlarged  and  bear- 
ing at  its  summit  an  articular  facet  for  the  ulna. 

The  carpo-metacarpus  is  chiefly  interesting  for  its  peculiarly 
formed  mid -metacarpal.  This  is  uncommonly  broad  at  its  proxi- 
mal end  and  curiously  twisted  as  it  descends  to  anchylose  with  the 
lower  end  of  the  index  metacarpal,  or  main  shaft  of  this  compound 
bone.  So  far  as  I  have  been  enabled  to  discover,  the  phalanx  of 
pollex-digit  does  not  bear  a  terminal  claw,  and  the  bone  has  the 
usual  form  as  seen  in  most  birds.  Nothing  of  note  distinguishes  the 
two  phalanges  of  the  index  digit,  while  the  small  phalanx  of  the 
last  finger  develops,  at  the  middle  point  of  its  hinder  margin,  a 
curious  little  upturned  spur. 

Of  the  Pelvic  Limb, — As  in  the  pectoral  extremity,  the  proximal 
long  bone  of  this  limb,  the  femur,  is  the  only  one  in  it  that  enjoys 
a  pneumatic  condition.  The  site  of  the  foramen  that  admits  the  air 
to  its  hollow  shaft  is,  however,  quite  unique,  being  upon  the  poste- 
rior aspect  of  the  bone,  between  the  trochanter  and  head,  instead  of 
on  the  anterior  side,  as  usual,  below  the  trochanter. 

This  latter  feature  is  not  elevated  above  the  articular  surface  at 
the  summit,  and  the  semi-globular  head  is,  comparatively  speaking, 
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rather  small.     A  shallow  excavation  upon  its  upper  side  marks  the 
usual  point  for  the  insertion  of  the  round  ligament. 

The  subcylindrical  shaft  faintly  showing  the  muscular  lines  is 
considerably  bent  to  the  front,  and  at  its  distal  extremity  in .  that 
situation  the  rotular  channel  is  well  marked,  the  condylar  ridges 
bounding  it  being  about  parallel  to  each  other. 

The  outer  and  larger  condyle  of  the  two  is  at  the  same  time  the 
lower,  and  the  fibular  cleft  that  marks  its  posterior  aspect  is  very 
wide  and  deeply  sculpt,  being  rather  more  to  the  outer  side  than  is 
usual. 

Above  these  condyles,  behind,  the  popliteal  fossa  is  but  mod- 
erately excavated,  and  a  straight  transverse  line  bounding  it  below 
divides  it  from  the  general  trochlear  surface. 

We  find  in  the  next  segment  of  this  limb,  the  tibio-tarsus  with  a 
subcylindrical  shaft  below  its  fibular  ridge  that  is  slightly  bent  so 
as  to  be  in  the  vertical  line,  somewhat  convex  anteriorly.  The 
bending  here  though  is  not  nearly  so  great  as  we  find  it  to  be  in  the 
humerus  and  femur  or,  to  make  the  comparison  more  exact,  in  the 
ulna. 

The  cnemial  crest  of  this  leg-bone  is  but  little  raised  above  the 
undulating  articular  surface  of  its  summit,  while  the  pro-  and  ecto- 
cnemial  ridges  that  develop  below  it  are  not  peculiar. 

Their  planes  are  not  at  right  angles  to  each  other,  that  of  the  latter 
having  its  surface  facing  directly  to  the  front.  Neither  is  produced 
for  any  distance  down  the  shaft  of  the  bone,  but  they  terminate 
rather  abruptly  upon  it ;  the  procnemial  ridge  terminates  at  a  point 
about  opposite  the  superior  end  of  the  fibular  ridge  on  the  other 
side  of  the  shaft. 

At  the  distal  extremity  of  the  tibio-tarsus  the  planes  of  the  con- 
dyles are  nearly  parallel  to  each  other,  and  these  trochlear  eminences 
are  strikingly  close  together  in  Geococcyx. 

The  intercondyloid  fossa  is  deeply  excavated  in  front,  to  become 
suddenly  much  shallower  behind  as  well  as  somewhat  narrower. 
Upon  lateral  view  it  will  be  seen  that  the  general  outline  of  either 
of  the  condyles  is  more  circular  than  we  usually  find  it  in  others  of 
the  Class,  where  a  reniform  pattern  prevails. 

Just  above  the  condyles,  on  the  anterior  aspect,  the  vertical 
tendinal  channel  is  spanned  by  the  usual  little  oblique  bridge  of 
bone,  and  this  is  supplemented  in  life  by  a  longer  ligamentous  one 
placed  in  front  of  it. 
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The  fibula  has  a  large  head,  which  is  produced  backward  beyond 
its  shaft.  This  latter  makes  a  close  ligamentous  articulation  with 
the  fibular  ridge  of  the  tibio-tarsus,  and  at  some  little  distance 
below  it  merges  into  its  shaft  to  become  almost  indistinguishably 
fused  with  it. 

A  well-developed  subcordate  patella,  with  its  apex  directed 
below,  is  found  in  the  usual  tendon  in  Geococcyx.  - 

The  tarso-metatarsus  of  the  Road  Runner  is  a  longer  bone  than 
we  would  be  led  to  expect,  had  we  in  our  possession  but  the  other 
long  bones  of  this  limb  to  judge  from. 

Its  summit  presents  for  examination  the  two  concavities  for  the 
condyles  of  the  tibio-tarsus,  separated  by  the  mid-tubercle.  Behind 
this  we  find  a  short  hypotarsus,  showing  two  vertical  grooves  at  its 
back  and  two  vertical  perforations  through  it. 

The  sides  and  front  of  this  bone  are  flat,  the  latter  for  its  proxi- 
mal half  being  longitudinally  grooved,  deepest  above,,  gradually 
becoming  shallower  as  it  descends.  Posteriorly  it  is  likewise 
grooved  in  a  somewhat  similar  way ;  but  here  the  outer  wall  of  the 
groove  is  raised  as  a  sharp  longitudinal  crest,  best  marked  at  the 
middle  third  of  the  shaft  and  gradually  subsiding  toward  the 
extremities. 

At  the  distal  end  we  note  the  three  usual  trochleas  for  the  basal 
joints  of  the  toes,  as  shown  in  fig.  27  of  my  former  memoir;  how- 
ever, in  this  zygodactyle  bird  the  outer  one  of  these  is  extended  to 
the  rear  in  such  a  manner  as  to  allow  the  fourth  toe  to  articulate  in 
that  direction. 

Of  these  trochleas  the  middle  one  is  much  the  largest  and  is 
placed  the  lowest  down ;  it  is  the  only  one  of  the  three  that  shows 
the  distinct  median  groove.  The  trochlea  for  the  fourth  toe  is 
much  elevated,  while  the  inner  one  holds  about  a  mid-position  in 
this  respect. 

A  well -developed  accessory  metatarsal,  slung  by  a  ligament  in  the 
usual  way,  is  found  between  the  shaft  and  the  basal  joint  of  the 
hallux.  The  perforating  foramen  for  the  passage  of  the  anterior 
tibial  artery  is  small  and  inconspicuous,  being  at  the  same  time 
quite  low  down  on  the  shaft. 

The  joints  of  these  podal  digits  are  harmoniously  proportioned, 
both  as  regards  size  and  comparative  length.  Beyond  being  typi- 
cally zygodactyle,  they  offer  nothing  of  particular  note. 

Before  reducing  my  specimens  to  skeletons  I  failed  to  make  any 
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special  examinations  as  to  the  condition  of  the  ossifications  of  the 
columella  auris  in  the  adult  Geococcyx,  I  find,  however,  among 
other  normal  ossifications  in  this  type  some  twelve  or  thirteen 
sclerotal  plates  in  either  eye,  overlapping  each  other  in  a  somewhat 
irregular  manner.  As  in  certain  other  birds,  some  of  the  tendons 
of  the  pelvic  limb  in  old  individuals  of  this  Cuckoo  are  converted 
into  bone,  and  small  sesamoids  may  be  found  about  the  proximal 
extremities  of  the  basal  joints  in  the  soles  of  the  feet.  The  entire 
skeleton  of  the  pelvic  limb  for  Geococcyx  is  figured  in  my  former 
memoir  in  iht  Journal  of  Anatomy, 

OSTEOLOGICAL    NOTE   UpON   THE   YoUNG   OF    GeOCOCCYX  CALIFOR- 

NIANUS. 

My  collection  contains  the  skeleton  of  the  nestling  of  the  Cuckoo 
now  under  consideration,  secured  at  the  time  immediately  before 
the  bird  quits  the  nest.  This  skeleton  is  disarticulated,  and,  like 
all  the  skeletons  of  immature  birds,  offers  a  very  instructive  object 
for  study. 

Several  years  ago,  as  I  have  said  in  the  Introduction  above,  I 
published  in  the  London  Journal  of  Anatomy  (Vol,  xxi,  p.  ioi)*an 
observation  upon  the  tibio-tarsus  of  the  pelvic  limb  to  this  skeleton, 
and  the  substance  of  these  remarks  with  addenda  are  herewith 
incorporated. 

It  is  a  well-known  fact  that  the  proximal  extremity  of  the  tibio- 
tarsal  shaft  is  much  larger  and  more  bulky  in  the  young  of  certain 
birds  than  it  is  in  the  adults  of  the  same  species. 

This  is  very  appreciably  the  case  in  many  Gallinaceous  fowls,  and 
I  have  already  remarked  upon  it  as  a  striking  feature  in  the  skeleton 
of  the  young  of  Centrocercus  urophasianus ;  while  in  our  present 
subject,  this  immature  Geococcyx,  this  condition  obtains  to  an 
extent  unequaled,  so  far  as  my  observations  go,  by  any  of  the 
Gain  nee. 

Further,  that  portion  of  the  tibio-tarsus,  which  in  the  old  bird 
eventually  becomes  the  antero-superior  part  of  the  shaft,  and  sup- 
ports the  pro-  and  ectocnemial  processes,  is  in  the  young  individual 
developed  as  a  separate  epiphysis.  Formerly,  from  careful  exami- 
nation of  material,  it  appeared  to  me  that  this  epiphysis  was  super- 
added t«  the  true  epiphysis  of  the  summit  of  the  shaft  of  this  bone  of 
the  leg,  and  thus  corresponded  to  the  olecranon  of  the  ulna.     (See 
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Proc,  U,  S.  Nat,  Mus.yVoX.  vii,  1884,  p.  324.)  Upon  carefully 
re-examining  this  material  at  the  present  writing  it  certainly  seems 
that  this  is  the  case,  but  I  would  prefer  to  microscopically  investi- 
gate a  series  of  these  bones  of  all.  ages  and  properly  stained  before 
restating  the  opinion. 

In  Geococcyx  the  proximal  end  of  the  ti bio- tarsus  appears  to  pos- 
sess a  terminal  epiphysis,  something  similar  to  what  we  see  in  the 
Frog,  and  to  this  is  super-added  the  additional  piece,  as  already 
stated  above;  and  as  age  advances  in  the  individual  the  proximal 
third  of  the  shaft,  so  much  larger  than  it  actually  is  in  the  adult, 
becomes  gradually  absorbed  so  in  time  to  be  equal  to  it  in  size. 
(See  PI.  I,  Fig.  6. )  This  is  very  curious.  The  lower  two-thirds  of 
the  bone  in  the  young  has  a  calibre  proportionately  less  than  the 
corresponding  part  in  the  adult  and  is  in  harmony  with  the  size  of 
the  bird. 

I  regret  to  say  that  ossification  had  proceeded  so  far  in  this 
specimen  that  I  was  unable  to  determine  anything  beyond  the 
single  segment  at  the  distal  extremity  of  the  bone,  and  additional 
material  is  required  for  me  to  decide  whether  or  no  the  intermedium, 
as  described  by  Morse,  develops  in  Geococcyx  as  a  separate  ossicle . 

In  this  young  bird  the  pelvis  already  exhibits  all  of  those  peculiar 
features,  which  makes  it  so  interesting  a  subject  for  study  in  the 
adult,  while  points  of  somewhat  minor  importance  are  to  be  noted 
in  other  parts  of  the  skeleton.  The  anterior  half  of  the  sternum  is 
quite  complete,  and  all  in  one  piece,  while  its  posterior  portion  is 
entirely  in  cartilage,  and  as  yet  gives  no  hint  as  to  the  form  it  will 
eventually  assume — even  the  xiphoidal  prolongations  not  being 
indicated. 

On  the  Osteology  of  Crotophaga. 

Through  the  courtesy  of  the  U.  S.  National  Museum  I  have  the 
following  osteological  material  before  me  to  illustrate  the  skeleton 
in  this  extraordinary  genus  of  Cuckoos,  representing  as  they  do  the 
subfamily  CrotophagincR.  First,  nearly  a  complete  skeleton  of  C, 
sulcirostris  (No.  6467) ;  the  sternum,  shoulder-girdle  and  ribs  of  a 
specimen  of  C.  rugirostris  (No.  7048) ;  finally,  the  same  bones  from 
a  skeleton  of  C,  ant  (No.  432,  Bryarth  coll.).  (See  PI.  II,  Figs.  8, 
9  and  II.) 

In  some  few  particulars  there  is  a  curious  resemblance  between 
the  lateral  view  of  the  skull  of  Crotophaga  and  the  same  view  of  the 
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skull  of  the  Common  Puffin  {Fraterculd),  but  upon  careful  scrutiny 
we  at  once  see  that  Crotophaga  possesses  a  true  cuculine  skull,  and 
one  that,  for  at  least  the  posterior  moiety  of  the  basal  aspect  of  its 
cranium,  reminds  us  not  a  little  of  Huxley's  figure  of  Cuculus 
canorus  (P.  Z.  S.,  1867,  p.  444,  Fig.  26).  Among  our  Cuckoos, 
however,  Coccyzus  is  the  bird  that  appears  to  have  a  skull  most  like 
CuculuSy  and  Crotophaga  upon  the  lateral  view  of  its  skull  reminds 
us  of  neither  of  those  species. 

Regarding  the  skull  of  this  Ani  upon  its  upper  aspect,  we  are 
enabled  to  see  how  the  subcompressed,  lofty  superior  osseous  man- 
dible mounds  up  mesially  just  in  front  of  the  very  distinct  cranio- 
facial line.  The  culmen  is  sharp  and  arches  over  handsomely  to 
the  tip  of  the  decurved  apex  of  the  beak.  The  small  subcircular 
nostrils  can  also  be  partially  seen  upon  this  view  and  the  minute 
foramen  that  perforates  cither  nasal  bone.  The  large  lacrymals 
have  much  the  form  they  have  in  Ge0coccyx  and  articulate  with  the 
surrounding  bones  in  precisely  the  same  manner.  Longitudinally, 
in  the  middle  line,  between  the  orbits,  the  frontal  region  exhibits  a 
moderately- raised,  rounded  eminence,  extending  backward  upon 
this  aspect  as  far  as  the  vault  of  the  brain-case;  and  this  inter- 
orbital  space  is  quite  broad  in  Crotophaga — proportionately  much 
more  so  than  it  is  in  Geococcyx, 

This  breadth  is  likewise  enjoyed  by  the  smooth,  rounded  super- 
ficies of  the  cranial  vault. 

Laterally  this  skull  presents  a  well-marked  temporal  (crotaphyte) 
fossa;  a  small  post-frontral  process  directed  downward,  and  a 
much  larger  arched  squamosal  one  directed  forward  and  only 
slightly  downward. 

The  quadrato-jugal  bar  is  straight  and  slender  between  quadrate 
and  lacrymal,  while  the  small  sesamoid  at  its  posterior  end  seems  to 
be  in  a  ligament  passing  from  it  to  the  os  quadratum. 

The  capacious  orbits  are  only  separated  from  each  other  by  a 
thin,  incomplete  septum,  and  the  foramina  in  the  anterior  wall  of 
the  brain-case  are  large  and  may  merge  to  some  extent. 

Os  quadratum  is  large,  with  a  good-sized  orbital  process.  Its 
various  projections  are  thin  and  compressed,  while  a  deep  notch 
separates  its  two  mandibular  facets.  Pars  plana  is  also  of  good 
size,  fusing  with  the  frontal  above,  where  it  is  pierced  internally  by 
a  single  foramen  (two  in  Geococcyx)  \  its  infero-external  angle 
being  somewhat  drawn  out  into  a  stumpy  apophysis.     This  osseous 
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partitioa  aided  by  the  large,  descending  part  of  the  lacrymal  forms 
a  very  efficient  bulwark  between  the  orbit  and  the  rhinal  chamber ; 
while,  laterally,  in  front  of  the  last  mentioned  bone  quite  a  sizable 
vacuity  exists  ere  arriving  at  the  posterior  edge  of  the  nasal. 

The  base  of  this  vacuity  is  spanned  by  the  slender  maxillary. 
Either  aural  entrance  is  capacious,  and  underspanned  by  a  fairly 
well-developed  tympanic  bulla.  A  side  of  the  osseous  superior 
mandible  is  flat  and  nearly  smooth,  being  only  slightly  scarred  by 
delicate  vascular  venations.  Passing  next  to  the  base  of  this  skull 
we  find  the  basitemporal  region  smooth  and  rather  contracted,  the 
tympanic  bulla  dipping  down  considerably  below  it  upon  either 
hand.  A  pointed  bony  shield  underlaps  the  anterior  entrance  to 
the  Eustachian  tubes,  and  the  foraminal  apertures  for  the  hypo- 
glossal and  vagus  nerves,  and  the  carotids  are  very  small  and  incon- 
spicuous. The  lower  border  of  the  sphenoidal  rostrum  is  narrow 
and  rounded,  while  either  pterygoid  is  somewhat  short,  straight  and 
characterized  by  a  raised  and  sharpened  superior  border  for  its  an- 
terior two-thirds.  These  bones  articulate  far  forward  from  the 
cranial  base,  and  no  sign  whatever  is  seen  of  basipterygoidal  pro- 
cesses. 

For  their  'major  part  the  palatines  lie  in  the  horizontal  plane, 
they  being  for  their  lengths  nearly  of  uniform  width,  and  their 
postero-external  angles  are  very  much  and  completely  rounded  off. 
They  are  in  contact  along  the  middle  line  next  the  rostrum  but  do 
not  seem  to  fuse  together  there,  and  their  supero-mesial  margins 
are  produced  forward  into  a  single  and  diminutive  spicula  of  bone, 
which  possibly  represent  the  vomer.  Croiophaga  is  desmognathous 
by  the  fusion  of  its  delicate  and  spongy  maxillo-palatines  across  the 
middle  line.  Indistinguishably  fused  with  these  seems  to  be  an 
osseous  septum  narium,  and  the  spongy  osseous  tissue  that  fills  in 
the  hinder  moiety  of  the  cavity  of  the  upper  mandible.  The 
prepalatine  portions  of  the  palatines  are  in  intimate  contact  with 
the  maxillo-palatines,  while  anteriorly  these  horizontal  plates  be- 
come continuous  with  the  flat  bony  roof  of  the  nether  surface  of  the 
osseous  beak  ;  quite  as  we  fine  them  in  all  of  our  Cuculida. 

With  respect  to  the  mandible,  we  find  it  of  the  V-shaped  pattern, 
with  a  moderately  deep  symphysis,  the  latter  being  concaved  above 
and  roundly  sharpened  along  the  median  line  below.  The  ramal 
sides  are  of  nearly  uniform  depth  throughout  and  are  by  no  means 
narrow ;  the  interangular  vacuity  behind  being  small  (PI.  II,  Fig.  8). 
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Either  articular  cup  is  well  concaved,  with  its  inlurned  process 
much  produced  and  spine-like.  Behind,  the  process  is  short  and 
stumpy.  Comparatively  speaking  it  is  a  stronger  lower  jaw  than 
has  either  Geococcyx  or  Coccyzus, 

Typically  cuculine,  the  delicate  hyoidean  arches  of  Crotophaga 
present  us  with  little  worthy  of  especial  remark.  They  agree  in  the 
main  with  what  was  shown  to  obtain  in  those  parts  in  the  *'  Road 
Runner.*'  We  must  note,  however,  that  in  the  Ani  the  cerato- 
hyals  are  but  mere  granules  of  bone  that  neither  fuse  with  nor  meet 
each  other,  but  simply  rest  against  the  anterior  tip,  on  either  hand, 
of  the  first  basibranchial. 

I  have  not  examined  the  sclerotal  plates  of  the  eye,  nor  the 
intrinsic  bones  of  the  ear.     They  were  lost  from  my  specimens. 

Beddard  has  said  that 

**  Crotophaga  ani  is  well  known  to  possess  a  bronchial  syrinx,  which  may 
be  considered  as  more  specialized  than  that  of  Geococcyx  and  Pyrrho- 
center,  in  that  the  membrana  tympaniformis  is  limited  to  the  posterior 
bronchial  rings,  commencing  with  about  the  seventh,  and  does  not  ex- 
tend up  to  the  point  of  bifurcation  of  the  bronchi ;  in  this  respect  the 
syrinx  of  Crotophaga  resembles  that  of  Steatornis,  which  has  been  care- 
fully described  by  Prof.  Garrod."  ^ 

As  in  that  bird,  the  bronchi  arise  from  the  trachea  much  as  they 
do  in  the  Mammalia;  the  first  nine  rings  of  each  bronchus  are 
entire  ;  the  tenth  and^  eleventh  rings  are  considerably  wider  from 
side  to  side,  and  their  extremities  are  connected  by  membrane 
which  forms  the  inner  neck  of  the  bronchus;  the  succeeding  rings 
become  gradually  narrower  and  are  similarly  completed  internally 
by  membrane.  In  Steatornis  the  membrana  tympaniformis  is  only 
of  limited  extent,  the  posterior  rings  of  the  bronchi  being,  like  the 
anterior  rings,  complete ;  in  Crotophaga  this  is  not  the  case — all  the 
bronchial  rings,  commencing  with  the  seventh,  are  semirings ;  there 
is  a  single  pair  of  slender  intrinsic  muscles  attached,  one  on  each 
side  of  the  tenth  bronchial  semiring.' 

As  in  the  case  of  Geococcyx ,  Crotophaga  has  eighteen  free  vertebrae 
between  the  skull  and  the  pelvis,  and  although  these  have  the  same 
general  characters  as  the  corresponding  segments  in  the  spinal 
column  of  the  Ground  Cuckoo,  they  have  special  features  of  their 
own.     For  instance,   the  fifth  to  the  eighth  cervicals  develop  a 

1  Coll,  Scientif,  Papers,  p.  i88. 
'Z'.  Z.  5.,  i88s,p.  173. 
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slender  osseous  bar,  on  either  side,  joining  the  pre-  and  postzyga- 
pophyses,  a  character  that  gradually  disappears  in  the  next  few  suc- 
ceeding vertebrae.  Again,  we  see  strong,  median  hypapophyses  in 
the  last  cervicals  and  some  of  the  leading  dorsals,  and  the  neural 
spines  to  the  latter  are  much  as  we  find  them  in  Geococcyx  only 
being  one  or  two  more  in  number.  Croiophaga  seems  in  the  main 
to  agree  also  in  the  nature  and  arrangement  of  its  ribs ;  they  differ, 
however,  in  the  specimens  before  me  by  having  a  very  rudimentary 
pair  on  the  twelfth  cervical.  There  is  also  a  peculiar  pair  of  short, 
stumpy  ribs,  detected  considerably  backward^  articulating  with  the 
first  vertebra  of  the  pelvis. 

The  skeleton  of  the  tail  agrees  practically  with  the  same  part  of 
the  bird  as  we  find  it  in  Geococcyx^  and  this  remark  essentially 
applies  to  the  pelves  of  these  species  of  Cuckoos — though  in  Croto- 
phaga  the  ilia  behind  do  not  curl  outward  quite  so  much  in  pro- 
portion, and  the  prepubic  spine  or  process  is  relatively  not  so 
large. 

As  to  their  shoulder-girdles ,  Crotophaga  sulcirosiris  and  Geococcyx 
agree  pretty  well,  though  in  the  former  bird  we  find  very  notably 
narrow  scapulae, — long  and  pointed,  while  the  hypocleidium  to  the 
OS  furcula  is  relatively  as  large  as  we  find  it  in  most  passerine  birds, 
being  curved  backward  and  upward,  when  the  bones  are  in  situ^ 
and  occupies  the  lower  part  of  the  recess  formed  by  the  anterior 
concaved  border  of  the  sternal  keel.  Os  furcula  itself  is  more 
broadly  rounded  below  than  it  is  in  Geococcyx.  In  other  species  of 
Crotophaga  these  characters  are  not  quite  so  strongly  marked,  ap- 
proaching, perhaps,  more  nearly  what  we  see  in  the  Ground  Cuckoo. 

One  would  now  naturally  suppose  from  the  number  of  points  of 
agreement  in  the  trunk-skeletons  of  these  two  species  thus  far 
enumerated,  that  we  would  surely  find  their  sterna  modeled  upon 
the  same  plan.  This,  however,  is  by  no  means  the  case,  for 
although  Crotophaga  sulcirostris  has  essentially  a  cuculine  sternum, 
with  a  relatively  deeper  carina  than  has  Geococcyx,^  it  differs  radi- 
cally in  the  xiphoidal  portion  of  the  bone,  for  it  has  but  one 
rather  shallow  notch  upon  either  side ;  whereas,  as  we  have  seen, 
Geococcyx  agrees  with  Coccyzus  in  possessing  two.  In  Crotophaga 
ani  this  shallow  notching  of  the  xiphoidal  margin  of  the  sternum 

^  This  deeper  sternal  keel  we  might  naturally  expect  to  find,  being  a  character 
often  seen  when  we  come  to  compare  birds  that  are  by  nature  flyers,  with  those 
that  habitually  spend  the  most  of  their  time  upon  the  ground. 
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is  carried  to  its  mininum^  and  almost  entirely  disappears,  the  border 
of  the  bone  in  question  well-nigh  becoming  entire. 

Being  constructed  upon  exactly  the  same  principle,  I  find  noth- 
ing especial  requiring  description  in  the  pectoral  limb  of  Crotophaga^ 
further  than  what  has  already  been  given  above  for  Geococcyx. 
(See  PL  II,  Fig.  9.)  Practically  the  characters  are  the  same  in  all 
the  bones  composing  the  skeleton  of  this  extremity  in  these  two 
Cuckoos,  and  I  also  find  that  a  small  os  humero-scapulare  is  present 
in  the  Ants, 

With  respect  to  the  pelvic  limb,  this  statement  applies  with  almost 
equal  truth,  though  in  Crotophaga  the  procnemial  process  of  the 
tibio-tars^s  is  not  as  well  developed ;  it  has  but  a  single  tendinal 
perforation  through  the  hypotarsus  of  the  tarso-metatarsus,  and  that 
process  is  peculiarly  capped  off  by  a  plate  of  bone ;  and,  finally^ 
in  Crotophaga  the  longitudinal  excavation  adown  the  anterior 
aspect  of  the  tarso-metatarsus  is,  comparatively  speaking,  much 
deeper  than  it  is  in  Geococcyx,  Aside  from  these  apparently  minor 
differences  the  skeletons  of  the  pelvic  limbs  of  these  two  cuculine 
types  are  fundamentally  the  same. 

The  Genus  Coccyzus  Osteologically  Considered. 

Forms  of  this  group,  as  C.  americanusy  have  a  skull,  with  its  asso- 
ciated skeletal  parts,  very  much  like  Geococcyx,  and  quite  different 
from  what  we  have  just  described  above  for  Crotophaga,  (See  PI. 
II,  Fig,  7.)  So  much  is  this  the  case  that  I  will  not  enter  upon  a 
detailed  description  of  the  skull  of  Coccyzus  but  rather  give  some 
of  the  chief  departures  it  makes  from  the  corresponding  characters 
as  they  occur  in  that  part  of  the  skeleton  of  the  Ground  Cuckoo. 

In  Coccyzus,  and  essentially  too  in  Ceniropus  and  Diplopterus,  the 
structure  of  all  the  osseus  parts  of  the  superior  mandible  practically 
agree,  both  in  form  and  relations,  with  what  we  find  in  Geococcyx, 
The  former  species,  however,  has  a  relatively  shorter  and  broader 
bill,  but  its  maxillary  processes,  at  the  same  time,  are  not  only  rela- 
tively, but  (usually)  actually  longer  than  they  are  in  Geococcyx, 

A  lacrymal  bone  in  Coccyzus  has  its  descending  portion  only 
represented  by  an  outwardly-curved,  delicate  spicula  of  bone ;  the 
structure  as  a  whole  reminding  us  very  much  of  the  lacrymal  as  we 
find  it  in  many  of  our  TetraonidiE, 

This  is  by  no  means  the  case,  however,  in  Ceniropus  and  in 
Diplopterus  ncevius,  where  in  both  these  genera  the  lacrymal  bones 
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are,  comparatively  speaking,  large  and  conspicuous,  especially  in 
the  last-named  species  (see  PL  II,  Fig.  15). 

Posteriorly,  the  crotophyte  fossae  of  Coccyzus  more  nearly  ap- 
proach each  other  than  they  do  in  Geococcyx^  and  a  pterygoid  in  the 
former  species  develops  a  raised,  thin  crest  on  the  superior  aspect 
of  its  anterior  moiety,  a  character  I  do  not  find  at  all  in  the  Road 
Runner.  These  fossae  are  very  deep  in  Centropus  supcrciliosus  and 
nearly  meet  behind,  while  in  Diplopterus  navius  they  are  shallow 
and  widely  separated  posteriorly. 

Coccyzus  may  or  may  not  possess  a  minute  spiculiform  vomer.  I 
have  examined  adult  fresh  specimens  to  decide  this  very  point,  and 
have  found  old  individuals  where  this  element  was  undoubtedly 
missing,  while  I  have  found  it  very  feebly  developed  in  others.* 

Turning  next  to  the  remainder  of  the  skeleton  we  find  eighteen 
free  vertebrae  between  skull  and  pelvis  in  the  spinal  column,  as  in 
Centropus  and  Diplopterus  nmvius^  and  their  characters  are  essen- 
tially the  same  as  I  have  described  them  for  Geococcyx.  This  state- 
ment also  applies  to  the  caudal  vertebrae,  but  the  number  and 
arrangement  of  the  ribs  do  not  either  agree  with  the  Ground 
Cuckoo  nor  with  the  Ani. 

There  are  three  pairs  of  free  cervical  ribs ;  four  pairs  of  dorsal 
ribs  that  connect  with  the  sternum  by  haemapophyses ;  and  finally, 
a  pair  of  pelvic  ribs  that  lack  epipleural  appendages  and  whose 
costal  ribs  do  not  quite  succeed  in  reaching  the  costal  border  of  the 
sternum.  This  last  pair  appear  to  be  absent  in  Diplopterus  navius 
(PI.  II,  Fig.  14). 

The  pelvis  is  cuculine  in  its  general  character,  but  differs  consid- 
erably from  the  pelvis  of  Geococcyx,  Its  ilia  curl  but  little  over  the 
ilio-ischiac  foramen  upon  either  side,  and  the  coalescence  between 
the  internal  margins  of  the  ilia  and  the  sacral  crista  is  more 
thorough.  The  prepubis  is  very  small.  In  none  of  the  N.  American 
Cuckoos  are  the  parapophyses  of  the  sacral  vertebrae  opposite  the 
acetabulae  upon  the  ventral  aspects  of  the  pelvis,  especially  length- 

^  Especial  attentioD  is  invited  to  the  morphology  of  the  external  narial  aper- 
tures of  the  superior  osseous  mandible  of  Geococcyx^  Coccygus,  and  Crotophaga, 
In  the  latter  they  are  clean  cut,  subcircular,  and  comparatively  small :  while  in 
Geococcyx  and  Coccygus  they  are  large  and  subelliptical,  but  more  or  less  masked 
by  the  bony  lamina  that  extends  over  them,  leaving  in  the  case  of  the  first-men- 
tioned species  a  rather  small  anterior  narial  aperture,  with  usually  two  apertures 
in  Coccytust  an  anterior  and  a  posterior  one.  They  are  small  and  fairly  clean  cut 
in  Diptopterus  navius^  but  large  and  triangular  in  Centropus, 
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cned  and  strengthened  to  act  as  tie-beams  to  brace  the  line  of 
pressure  between  the  femora. 

In  Centropus  superciliosus  the  prepubic  spines  of  the  pelvis  are 
conspicuously  produced,  while  the  postpubic  element  upon  either 
side  extends  but  very  little  beyond  the  bone  above  it  posteriorly. 
Then  in  the  curious  pelvis  of  this  Cuckoo  the  ilio-neural  grooves 
are  very  short  and  are  arched  over  simply  by  the  much  antero-pos- 
teriorly  compressed  arches  of  one  of  the  included  vertebrae  (PI.  II, 
Fig.  13).  In  Diplopterus  navius  these  grooves  are  open  and 
shallow,  while  the  slender  postpubic  elements  sweep  far  out  behind, 
and  the  prepubic  spine  is  barely  noticeable.  In  other  words  the 
pelves  of  these  two  Cuckoos  are  essentially  very  different.  Centro- 
pus has  all  the  main  cuculine  characters  well  pronounced,  while  the 
pelvis  in  Diplopterus  closely  resembles  that  part  of  the  skeleton  in 
some  of  the  passerine  birds. 

Several  interesting  points  are  presented  on  the  part  of  the  bones 
composing  the  shbulder-girdle  in  Coccyzus,  A  scapula  is  compara- 
tively not  quite  as  long  nor  as  narrow  as  we  find  it  in  Crotophagay 
and  its  posterior  fourth,  in  some  specimens,  is  inclined  to  be  broad- 
ened, and  bent  slightly  outward.  At  the  sternal  end  of  acoracoid, 
at  its  outer  side,  we  meet  with  a  conspicuous,  upturned  and  sharpened 
process.  The  hypocleidium  of  the  os  furcula  of  some  specimens  of 
Coccyzus  americanus  is  of  a  peculiar  form,  having  a  crescentic  shape 
with  the  concave  aspect  of  the  line  looking  toward  the  manubrium 
of  the  sternum. 

Comparatively  shorter  and  broader  than  we  find  it  in  GeococcyXy 
this  latter  bone  nevertheless  practically  agrees  with  the  sternum  of 
the  Ground  Cuckoo  and  with  Diploptertts. 

Its  deeper  keel  has  still  the  true  cuculine  pattern,  and  there  are 
two  notches  upon  either  side  of  it,  behind,  and  these  are  deep  in  the 
last  named  genus.  Of  the  xiphoidal  processes  thus  formed  the 
strong  outer  pair  possess  dilated  hinder  ends,  while  the  weaker 
inner  pair  are,  upon  either  side,  inclined  by  their  posterior  tips 
toward  the  postero-external  angles  of  the  mid -portion  of  the 
xiphoidal  prolongation.  In  some  of  the  Bornean  Meropidce  these 
tips  fuse  at  the  angular  points  just  mentioned.  As  in  all  N.  Ameri- 
can CuculidcBy  the  sternum  is  a  very  thoroughly  pneumatic  bone.* 

*  A  number  of  the  skeletal  characters  in  the  case  of  Coccytus  are  liable  to 
vary  and  depart  to  some  extent  from  the  descriptions  I  am  here  giving ;  among 
which  are  the  depth  of  the  xiphoidal  notches ;  the  form  of  the  hypocleidium  of 
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Some  points  of  interest  are  to  be  seen  in  the  trachea  of  CoccyzuSy 
for  in  this  Cuckoo,  the  tracheal  rings  differ  very  markedly  from 
what  we  found  to  be  the  case  in  Geococcyx,  in  that  some  of  them 
are  as  fully  and  completely  ossified  as  are  any  of  the  tracheal  rings 
among  the  Fasseres,  This  is  likewise  the  case  in  Centropus.  The 
pessulus  also  ossifies,  as  do  the  arytenoid  bones  and  the  thyroid 
plate. 

As  for  the  hyoidean  apparatus  it  seems  to  agree  with  the  skeleton 
of  it  in  all  ordinary  Cuckoos,  and  practically  agrees  with  the  corre- 
sponding parts  in  Crotophaga} 

No  especial  nor  detailed  description  is  required  for  the  pectoral 
and  pelvic  limbs  of  Coccyzus,  The  skeleton  of  these  parts  is  cucu- 
line  in  all  particulars,  differing  but  little  from  what  has  already 
been  described  above  for  other  United  States  Cuckoos. 

In  the  case  of  the  pelvic  limb,  this  genus  of  birds  agrees  with  Croto- 
phaga in  that  pro-  and  ecto-cnemial  processes  of  the  tibio-tarsus  are 
quite  feebly  produced  ;  while,  on  the  other  hand,  the  hypotarsus  of 
the  tarso-metatarsus  agrees  with  the  corresponding  apophysis  as  we 
found  it  in  Geococcyx  in  that  it  exhibits  two  vertical  perforations 
for  the  passage  of  tendons,  instead  of  one,  as  we  found  to  be  the 
case  among  the  An  is.  Coccyzus  also  has  the  fibula  short  and  weak, 
and  the  patella  in  this  Cuckoo  is  comparatively  very  small.* 

the  OS  farcula;  the  amount  of  fusion  engaged  in  between  the  sacral  crista  and 
the  internal  margins  of  the  ilia,  and  other  points ;  and  this  remark  applies  to  a 
number  of  other  species  and  genera  of  the  Tree  Cuckoos. 

*This  statement  must  be  taken  only  tentatively,  for  peisonally  I  rely  upon 
Beddard's  description  of  the  ossifications  of  the  trachea  in  Crotophaga^  and  a 
fuller  examination  of  the  trachea  in  Coccyzus  may  go  to  show  that  the  parts  are 
more  alike  in  Coccyzus  and  Geococcyx  than  in  Coccyzus  and  Crotophaga,  It 
is  a  point  that  requires  more  extended  examination.  In  fact  all  these  structures 
need  a  much  fuller  research  than  they  have  as  yet  had  bestowed  upon  them. 

'  Since  the  above  account  was  written  I  came  across  some  special  notes  that  I 
had  made  and  set  aside  five  or  six  years  ago  upon  the  skeleton  of  Diplopterus 
nctvius  in  the  collection  of  the  U.  S.  National  Museum,  and  although  these  notes 
duplicate  one  or  two  of  the  statements  already  made  above,  they  are  sufficiently 
full  in  other  particulars  to  warrant  their  being  inserted  here  as  a  footnote  to 
render  the  account  of  the  osteology  of  that  species  more  complete.  They  run  as 
follows : 

In  Diplopterus  fta:vius  the  superior  osseous  mandible  is  considerably  shorter 
than  the  remainder  of  the  skull,  measuring  from  the  very  distinct  cranio-facial 
line. 

Its  culmen  is  rounded  and  the  whole  bill  decurved,  while  the  external  narial 
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Notes  on  the  Skeleton  of  a  Nesiling  of  Coccyzus  ameri- 

CANUS. 

Allusion  has  already  been  made  in  a  former  paragraph  of  this 
memoir  to  the  material  here  to  be  considered.    The  skeleton  I  have 

aperture  is  much  as  we  find  it  in  Geococcyx.  The  frontal  region  is  narrow, 
concaved,  and  the  cranial  vault  agrees  in  form  with  that  region  in  Coccyzus, 

The  temporal  or  crotaphyte  fossae,  though  well  marked,  are  confined  to  the 
lateral  aspect  of  the  skulL  Postfrontal  and  squamosal  processes  agree  better 
with  what  we  found  in  Crotophaga  sulcirostris^  while  the  quadrate  agrees  in 
form  with  that  bone  in  the  average  cuculine  types.  The  central  portion  of  the 
interorbital  septum  is  very  deficient  in  boncp  as  in  the  Ground  Cuckoos.  A  pars 
plana  is  ample,  quadrilateral  in  outline  and  exhibits  a  single  nervous  foramen 
above  it  The  lacrymal  practically  agrees  with  that  bone  as  it  is  seen  in  Geo- 
€occyx,  as  does  the  quadrato-jugal  rod.  Turning  to  the  base  of  the  cranium,  we 
find  a  pterygoid  to  agree  with  the  corresponding  element  in  Coccyzus^  with  its 
superior  crest  still  better  marked.  The  palatines,  although  cuculine  in  their 
geoerai  features,  are  peculiar,  for  their  prepalatine  portions  are  markedly 
narrow,  their  widest  parts  being  at  the  middle  of  the  postpalatines,  and  finally  a 
distinct,  spifiuliform  process  of  no  great  length  juts  out  from  either  postero- 
external angle. 

A  rudimentary  spine-like  vomer  may  be  preient.  Posteriorly,  the  backward- 
extending  bulbous  ends  of  the  maxillo-palatines  are  well  separated  in  the  median 
line,  and  it  is  only  anteriorly  that  desmognathism  is  shown  by  the  fusion  of  these 
processes  with  the  mass  of  spongy  bone  tissue  occupying  the  forepart  of  the 
rhinal  ehambers. 

This  last  seems  to  be  deposited  about  a  true  osseous  septum  narium.  Either 
nasal  is  perforated  by  a  minute  foramen,  to  which  I  have  invited  attention  in 
other  Cuckoos  and  the  Kingfishers :  internally  one  of  the  elements  develops  an 
osseous  spine  that  is  sent  downward  and  inward  toward  the  maxillo-palatine  of 
the  lame  side.    The  maxillaries  are  typically  cuculine. 

The  mandible  is  V-shaped,  decurved,  with  short  symphysis  and  small  ramal 
▼acuity. 

Diplopterus  navius  has  eighteen  free  vertebrae  between  skull  and  pelvis,  with 
the  ribs  arranged  just  as  we  find  them  in  Geococcyx ;  it  differs,  however,  in 
having  six  free  vertebrae  in  the  skeleton  of  the  tail,  with  a  pygostyle  that  differs 
somewhat  in  form  with  that  bone  in  both  Coccytus  and  the  Centropodince^  in 
that  its  postero-superior  angle  is  not  drawn  upward  so  as  to  be  rather  more 
prominent  than  its  antero-superior  angle — which  feature  is  best  seen  in  Coccyzus, 
The  bones  of  the  shoulder- girdle  are  characteristically  cuculine,  with  the  scapulae 
long  and  very  narrow,  as  in  Crotophaga  sulcirosiris , 

In  the  form  of  its  sternum  it  agrees  with  Coccyzus  amcricanus,  but  shows  a 
few  distinctive  features  in  its  pelvis,  for  in  Diplopterus  the  ilia  anteriorly  are 
jDore  decidedly  separated  from  the  sacral  crista,  and  the  postpubic  elements  are 
well  drawn  out  behind  as  inturned  slender  spines,  as  we  see  them  in  many  Pas- 
ttris.  Otherwise  the  pelvis  of  this  interef ting  Cuckoo  does  not  differ  so  very 
much  from  that  bone  of  the  skeleton  as  it  occurs  in  our  genus  Coccyzus, 
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prepared  from  the  alcoholic  specimen  exhibits  some  fevir  points  of 
interest.  In  the  skull  I  find  a  nasal  bone  to  have  the  same  form  as 
the  nasal  of  an  immature  Ge^coccyx,  and  indeed  the  entire  building 
up  of  the  skeleton  of  the  head  in  these  two  types  of  Cuckoos  seems 
to  be  quite  similar.  With  respect  to  the  trachea,  my  examination 
of  it  inclines  me  to  believe  that  the  majority  of  the  rings  are  entire, 
especially  in  the  superior  half  of  it.  Still  more  interest  attaches  to 
the  development  of  the  sternum  of  this  chick  of  the  Yellow-billed 
Cuckoo,  for  it,  too,  ossifies  in  precisely  the  same  way  that  that  bone 
does  in  Geococcyx.  Its  anterior  moiety  is  already  in  bone,  and  in 
one  piece  only:  the  posterior  part  is  in  cartilage  and  distinctly 
shows  the  xiphoidal  notches,  two  upon  either  side  of  the  low  semi- 
developed  carina.  This  is  very  different  from  what  we  find  in  the 
Gallina,  a  group  of  birds  wherein  it  was  shown  that  the  sternum 
ossifies  from  several  centres,  the  pieces  not  fusing  together  until  the 
bird  is  nearly  a  year  old. 

There  are  eleven  vertebrae  in  the  pelvic  sacrum  of  this  young 
Coceyzus,  but  no  special  attempt  was  made  to  determine  how  many 
entered  into  the  formation  of  the  pygostyle.  Nor  was  the  micro- 
scope brought  to  bear  upon  its  carpus  and  tarsus  with  the  view  of 
working  out  the  morphology  of  the  erabryological  elements  that 
enter  into  the  formation  of  those  two  interesting  joints  in  this 
species. 

Synopsis  of  the  Principal  OsteolOgical  Characters  of  the 
Three  Subfamilies  of  the  United  States  CucuLiDiE. 

Subfamily  CROTOPHAGiNiE. 
Crotophaga  ant, 
Crotephaga  sulcirostris, 

1.  Superior  osseous  mandible  deep  in  vertical  direction,  some- 
what compressed  transversely;  culmen  sharp,  decidedly  curved, 
mounded  in  front  of  transverse  line  of  cranio-facial  hinge. 

2.  External  narial  apertures  small,  sharply  defined  and  subcircu- 
lar  in  outline. 

3.  Frontal  region  broad,  convex. 

4.  Temporal  fossae  deeply  sculpt ;  approach  moderately  behind. 

5.  Postfrontal  process  short ;  squamosal  process  long.  Quadrate 
large  with   its  processes  much  compressed.     Quadrato-jugal  bar 
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slender.     Pars  plana  large.     Interorbital  septum  thin,  large  central 
perforation. 

6.  Lacrymal  large,  its  descending  part  lamelliform,  broad.  . 

7.  Basipterygoid  processes  completely  aborted.  Pterygoids 
straight,  moderately  long,  sharp  on  superior  border. 

8.  Vomer  rudimentary:  Palatines  plate-like,  comparatively 
broad  and  placed  horizontally,  with  their  postero -external  angles 
completely  rounded  off.  Maxillo-palatines  large,  spongy,  in  con- 
tact in  median  line,  and  with  several  of  the  surrounding  bones,  but 
not  with  the  vomer. 

9.  Mandible  V-shaped,  sides  rather  deep,  ramal  vacuity  small ; 
angular  processes  stumpy,  with  the  inturned  ones  long.  Mandibu- 
lar symphysis  less  than  a  third  the  length  of  the  jaw. 

10.  Elements  of  hyoidean  arches  slender ;  basibranchials  short, 
separate  bones  ;  cerato-hyals  very  small,  not  in  contact. 

11.  Eighteen  free  vertebrae  between  skull  and  pelvis;  cervical 
ribs  on  the  twelfth,  thirteenth  and  fourteenth.  Four  pairs  of  dorsal 
ribs,  of  which  the  three  anterior  pairs  connect  with  the  sternum. 
One  pair  of  very  short  pelvic  ribs,  directed  backward.  Pelvis 
peculiar;  anterior  ends  of  ilia  dilated,  and  their  inner  tips  meet  the 
"sacral  crista:**  posterior  to^this  they  are  contracted  and  are  not 
in  contact  with  it.  Small  prepubic  process  present,  and  the  ilia,  on 
either  side,  curl  outwardly  over  the  ischiac  foramen.  Postpubic 
bones  project  but  very  slightly  behind.  Five  caudal  vertebrae  and 
a  pygostyle ;  the  three  last  ones  of  the  former  having  large  hypapo- 
physes. 

12.  Os  furcula  U-shaped,  slender,  with  large  hypocleidium,  and 
articulates  with  both  scapula  and  coracoid  above.  Blade  of  scapula 
long  and  narrow.     Coracoid  long  with  rather  slender  shaft. 

13.  Sternum  short,  moderately  wide,  with  one  pair  of  rather 
shallow  xiphoidal  notches.  (These  latter  are  barely  noticeable  in 
C  ani.)  Costal  processes  conspicuous.  Manubrium  small.  Carina 
subample,  with  its  border  concaved  in  front,  forming  a  prominent 
carinal  angle.     Pneumatic. 

14.  Humerus  longer  than  either  radius  or  ulna;  radial  crest 
short;  shaft  having  the  sigmoidal  curve.  This  bone  is  pneumatic, 
and  the  pneumatic  fossa  is  very  shallow  and  the  foramen  usually 
single.  Radius  is  straight  and  slender ;  the  ulna  is  bowed  and 
stout,  and  has  down  its  shaft  the  row  of  papillae  for  the  insertion  of 
the  quill-butts  of  the  secondary  row  of  feathers.     Carpal  bones  two. 
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Medius  metacarpal  well  bowed-out  from  the  metacarpal  of  index 
digit.  Osseous  digits  long :  blade-portion  of  the  proximal  phalanx 
of  index  digit  entire.  A  notable  process  at  the  medio-posterior 
margin  of  the  medius  digit. 

15.  Bones  of  pelvic  limb  long  and  slender,  and  apparently 
non-pneumatic.  Femur  slightly  bowed  forward.  A  small  patella 
present.  Fibula  feebly  developed.  Pro-  and  ecto-cnemial  crests 
of  tibio-tarsus  somewhat  reduced,  and  the  hypo-tarsus  of  tarso- 
metatarsus  once  perforated  for  tendons,  with  lateral  grooves  for  the 
passage  of  the  same.  These  grooves  are  formed  by  the  process 
being  capped  with  a  lamina  of  bone.  Anterior  aspect  of  tarso- 
metatarsus  longitudinally  grooved  for  its  proximal  moiety. 

Podal  digits  run  2,  3,  4,  5,  for  the  i*-4  toes  respectively,  and  the 
fourth  toe  is  permanently  reversed. 

Subfamily  CENTROPODiNiE. 
Geococcyx  calif omianus, 

1.  Superior  osseous  mandible  not  especially  deep  in  vertical 
direction ;  comparatively  broad  at  base ;  culmen  broadly  rounded, 
very  gently  curved  ;  being  below  the  level  of  the  frontal  region  at 
the  line  of  the  cranio- facial  hinge. 

2.  External  narial  apertures  situated  rather  far  forward,  and 
small  only  from  the  fact  that  the  true  nostril  is  permanently  and 
largely  sealed  over  by  an  osseous  lamina  continuous  with  the  side 
of  the  mandible.     Osseous  nostril  large  in  nestling. 

3.  Frontal  region  only  moderately  broad,  and  is  concaved. 

4.  Temporal  fossae  well-marked,  and  well  separated  behind. 

5.  Postfrontal  and  squamosal  processes  of  nearly  equal  length. 
Quadrate,  quadrato-jugal  bar,  pars  plana  and  interorbital  septum 
much  as  in  Crotophaga,  Two  foramina  for  nerves  over  pars  plana, 
only  one  in  Crotophaga, 

6.  Form  of  lacrymal  a  good  deal  as  we  find  it  in  the  Anis. 

7.  Basipterygoid  processes  completely  absorbed.  Pterygoids  as 
in  Crotophaga  but  superior  margins  not  especially  sharpened,  and 
with  a  rudimentary  "  epipterygoid  hook''  present. 

8.  Vomer  always  present  in  adult;  small,  spiculiform,  rod-like 
and  free.  Palatines  agree  mainly  with  Crotophaga^  but  their  postero- 
external angles  more  abruptly  rounded  off.  Maxillo-palatines  as  in 
the  Anis. 


44  SHUFELDT— OSTEOLOGY  OF  THE  CUCKOOS.  LJaa.  4. 

9.  Mandible  U-shaped,  sides  rather  shallow ;  ramal  vacuity  large ; 
angular  processes  nearly  aborted,  with  the  inturned  ones  moderately 
long  only.  Mandibular  symphysis  about  one-fourth  the  length  of 
the  jaw. 

10.  Elements  of  hyoidean  arches  slender,  and  practically  agree 
with  the  corresponding  parts  in  the  Anis,  but  Geococcyx  has  the 
cerato-hyals  more  extensively  ossified,  and  fused  together  anteriorly, 

11.  Eighteen  free  vertebrae  between  skull  and  pelvis;  cervical 
ribs  on  the  thirteenth  and  fourteenth.  Four  pairs  of  dorsal  ribs, 
of  which  the  three  anterior  pairs  connect  with  the  sternum.  Pelvic 
ribs  absent.  Pelvis  of  extraordinary  form  ;  very  strong  and  agrees 
practically  with  the  bone  in  Crotophagay  but  the  ilia  very  conspicu- 
ously curled  outwards  behind,  and  the  prcpubic  process  very  large. 

Skeleton  of  the  tail  as  in  the  Crotophagina, 

12.  Os  furcula  moderately  U-shaped,  somewhat  slender;  with 
rather  long  but  narrow  hypocleidium.  Other  bones  of  this  girdle 
agree  in  the  main  with  the  corresponding  ones  in  our  other  Cuckoos, 
but  the  scapulae  are  comparatively  not  as  narrow,  and  their  apices 
are  more  rounded  posteriorly. 

13.  Sternum  of  the  same  general  pattern  as  in  all  North  Ameri- 
can Cuculidae,  but  differs  from  the  Crotophagina  in  being  twice 
notched  upon  either  side  of  the  keel,  which  notches  are  compara- 
tively much  deeper,  while  the  carina  is  relatively  shallower.  The 
bone  is  thoroughly  pneumatic. 

14.  Skeleton  of  the  pectoral  limb  essentially  agrees  with  what 
has  been  recorded  above  for  the  Crotophagina.  Osseous  papillae 
on  the  shaft  of  the  ulna  very  prominent.  The  bowed  shaft  of  the 
medius  metacarpal  wide  and  ribbon-like,  slightly  twisted  upon 
itself. 

15.  Bones  of  pelvic  limb  long  and  stout,  with  the  femur  pneu- 
matic.  Patella,  comparatively  speaking,  rather  large.  Fibula  very 
feebly  developed  below  the  articular  ridge  on  tibio-tarsus.  Pro- 
cnemial  crest  short  and  prominent,  and  the  hypotarsus  of  the  tarso- 
metarsus  twice  perforated  for  the  passage  of  tendons.  Anterior 
aspect  of  tarso-metatarsus,  nearly  flat  for  its  proximal  moiety. 

Skeleton  of  pes  essentially  agrees  with  our  other  Cuculidct, 
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Subfamily  CucuLiNiE. 
Coccyzus  minor, 
Coccysus  minor  maynardi, 
Coccyzus  americanus, 
Coccyzus  americanus  occidentalism 
Coccyzus  erythropthalmus. 

1.  Superior  osseous  tnandible  but  slightly  longer  than  the 
remainder  of  the  skull.  Broad  at  base,  and  somewhat  com- 
pressed vertically ;  decurved  more  than  in  Geococcyx  and  with  the 
culmen  similarly  rounded. 

2.  External  narial  apertures  as  in  Ccntropodinay  but  the  over- 
lying lamina  not  so  extensive,  and  usually  leaves  two  openings  upon 
either  side  of  this  mandible,  one  anterior  to  the  other. 

3.  Frontral  region  somewhat  narrow  and  concaved. 

4.  Temporal  fossae  broad  vertically,  somewhat  shallow  and  sepa- 
rated posteriorly  only  by  the  rather  low  supraoccipital  prominence. 

5.  Postfrontal  and  squamosal  processes  much  reduced.  Quadrate 
as  in  Geococcyx,  Quadrato-jugal  bar  slender.  Pars  plana  essentially 
agrees  with  the  corresponding  part  in  Geococcyx^  while  the  inter- 
orbital  septum  is  more  nearly  entire  than  it  is  either  in  the  Croto- 
phas^ncB  or  Centropodince, 

6.  Lacrymal  not  large,  its  descending  process  rather  short,  spicu- 
liform,  and  turned  outward.  (Reminds  us  of  the  lacrymal  bone  in 
some  of  our  Gallina). 

7.  Basipterygoid  processes  completely  aborted.  Pterygoids 
straight,  relatively  short,  superior  border  in  each  raised  and  sharp. 

8.  Vomer  rudimentary,  or  may  be  altogether  absent.  Palatines 
as  in  the  Centropodina^  while  the  maxillo-palatines  agree  with  both 
the  Ground  Cuckoos  and  the  Anis. 

9.  Mandible  practically  as  in  Geococcyx;  sides  shallow  and  the 
ramal  vacuity  large. 

10.  Structurally,  the  hyoidean  apparatus  essentially  agrees  with 
what  we  find  in  Crotophaga  (but  the  tracheal  ossifications  do  not 
seem  to  correspond  in  this  subfamily  with  what  we  find  in  the  Cen- 
tropodince), 

11.  Eighteen  free  vertebrae  between  skull  and  pelvis;  cervical 
ribs  on  the  twelfth,  thirteenth  and  fourteenth.  Four  pairs  of  dorsal 
ribs,  all  of  which  connect  with  the  sternum  by  their  haemapophyses. 
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One  pair  of  pelvic  ribs  that  do  not  quite  reach  the  sternum  by  their 
costal  ribs. 

Pelvis  not  strikingly  peculiar,  though  cuculine  in  general  pattern. 
Posteriorly,  the  ilia  curl  outward  only  very  moderately,  and  the 
prepubic  processes  are  quite  vestigial  in  character.  (Eleven  verte- 
brae in  sacrum  of  young  Coccyzus), 

Caudal  vertebrae  and  pygostyle  agree  in  the  main  with  N.  Ameri- 
can Cuculida  generally. 

12.  Os  furcula  U-shaped,  slender,  with  luniform  hypocleidium  of 
good  size.  Blade  of  scapula  not  strikingly  narrow,  broadish  distally, 
where  it  is  sharp-pointed  and  slightly  curved  outward.  A  coracoid 
agrees  closely  with  that  bone  as  it  is  seen  in  Crotophagay  and  in 
both  it  develops  a  conspicuous,  upturned  process  at  its  sternal  end  at 
the  outer  angle  of  the  dilated  portion. 

13.  General  pattern  of  sternum  agrees  with  Crotophaga  but  the 
bone  has  two  notches  upon  either  side  of  the  carina,  as  in  the  Cen- 
tropodina.  It  differs  also  from  both  Crotophagina  and  CentropodincE 
in  possessing  four  facets  for  costal  ribs  upon  either  costal  border. 

14.  Skeleton  of  pectoral  limb  cuculine,  but  possesses  an  individ- 
uality of  its  own.  The  humerus  is  a  trifle  shorter  than  either  the 
ulna  or  radius ;  the  bones  of  the  antibrkchium  are  straighter, 
especially  the  ulna,  than  they  are  in  the  other  subfamiles.  Os 
humero-scapulare,  though  small,  is  usually  present  in  all  of  our 
Cuculida, 

15.  Bones  of  pelvic  limb  long  and  slender,  and  apparently  non- 
pnuematic.  They  have  some  characters  in  common  with  the  Anis, 
and  some  in  common  with  the  Ground  Cuckoos.  A  small  patella 
is  present.  Fibula  feebly  developed.  Pro-  and  ecto-cnemial 
processes  of  tibio-tarsus  reduced,  and  the  hypotarsus  of  the  tarso- 
tnetatarsus  twice  perforated  for  tendons,  with  lateral  grooves  for 
the  passage  of  the  same. 

These  grooves  are  formed  by  the  process  being  capped  with  a 
lamina  of  bone.     Anterior  aspect  of  tarso-melatarsus  quite  flat. 

Skeleton  of  pes  upon  the  same  plan  as  in  other  Cucuiida  charac- 
terized above. 

Brief  Discussion  of  Cuculine  Kinships. 

When  we  come  to  consider  the  affinities  of  the  Cuckoos  we  are 
confronted  with  a  more  or  less  natural  group  of  birds  that  have 
representatives  in  nearly  all  parts  of  the  world.  They  are  very 
different  from  any  of  the  Suborders  thus  far  treated  of  by  me  in 
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my  previous  memoirs,  and  they  are  to  a  greater  or  less  extent  struc- 
turally linked  to  a  variety  of  other  families  of  birds  that  have  long 
puzzled  both  the  ornithologist  and  the  avian  anatomist.  By  their 
zygodactyle  feet  they  may  at  once  be  distinguished  from  any  of  the 
enormous  group  of  the  Passer es^  to  be  considered  later  on.  (The 
MSS.  at  this  writing  are  complete.) 

Their  affinities,  if  there  be  any,  with  the  Caprimulgiy  the  Cypseli, 
the  Trogonesy  the  Trochili  zxid  the  Pici  m\ist  also  be  quite  remote. 
But  this  will  not  apply  to  the  Kingfishers,  and  much  less  to  certain 
other  groups  in  various  parts  of  the  Old  and  New  World,  as  the 
Musophagida,  Bucconida,  Galbuliddy  MeropidcE^  Momotidce^  Bucero- 
tiday  UpupidcBy  Todidce,  Cotacida,  Rhamphastidce,  Capitonid(E  and 
perhaps  some  few  others. 

These  several  families  seem  to  have  a  Cuckoo  vein  running  all 
through  them,  strongly  impressed  in  some  cases,  barely  discernible 
in  others.  Indeed,  these  groups  of  birds  seem  to  have  arisen  from 
some  very  ancient  and  once  common  stock,  but  by  the  extinction 
of  numerous  related  types  and  groups  of  types  that  once  filled  the 
now  many  and  various  gaps  among  them,  it  has  left  in  recent  times 
the  most  puzzling  collection  of  polymorphic  forms  that  the  syste- 
matist  has  to  deal  with  throughout  the  entire  range  of  ornithology. 
They  have  become  diversified  through  all  the  factors  that  organic 
evolution  brings  to  bear  upon  sucii  plastic  organizations  as  they 
represent. 

In  the  opinion  of  a  number  of  authoritative  ornithotomists  the 
nearest  affines  of  the  Cuculidce  are  to  be  seen  in  the  Musophagid<e, 
while  the  Meropida  are  also  said  to  exhibit  especially  a  number  of 
cuculine  affinities.  Personally,  I  have  never  examined  the  skeleton 
in  any  of  the  Musophagidce ;  but  of  certain  Meropidce.  we  shall 
speak  a  little  further  along  in  another  memoir  now  in  preparation. 
One  thing  must  be  constantly  borne  in  mind,  and  that  is  Cuckoos 
differ  not  a  little  in  their  osteology  among  themselves — take  Croto- 
phaga  and  Geococcyx  calif ornianus  for  instance — so  that  we  meet  with 
certain  species  of  them  that  in  their  skeletons  offer  a  greater  number 
of  characters  that  agree  with  the  corresponding  characters  in 
forms  of  other  groups  than  do  others  of  this  suborder.  Apart 
from  the  Alcyones,  we  have  in  our  United  States  avifauna  no 
very  near  affines  of  the  Coccyges, 

Probably  the  weight  of  opinion  would  be  thrown  in  favor  of 
placing  the  Cucuiidce  near  the  Musophagida,  the   Plantain-eaters 
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or  Tourocos  of  Africa.  It  was  Huxley's  opinion,  Fiirbringcr 
thinks  so,  and  Garrod  thought  so,  but  we  cannot  follow  the  latter 
in  placing  the  Cuculida  and  Musophagidce  together  in  with  the 
Gallinaceous  birds ! 

During  the  time  I  have  been  engaged  upon  the  present  memoir, 
Vols,  i  and  ii  of  Sharpens  very  valuable  Hand-List  of  Birds  has  been 
presented  to  me  by  the  trustees  of  the  British  Museum,  and  in  the 
second  volume  of  that  work  I  find  the  author  inserts  the  Cuckoos 
in  the  system  in  the  following  manner:^  The  Order  Coccyobs 
(xxxi)  is  placed  between  the  Order  Trogones  (xxx)  and  the  Order 
ScANSORES  (xxxii),  and  is  primarily  divided  into  two  sub-orders, 
namely  Sub-Order  I,  Musophagiy  and  Sub-Order  II,  Cuculi. 

The  Musophagi  is  made  to  contain  the  family  Musophagida,  and 
this  latter  includes  the  genera  Turacus  (23  species) ;  Gallirex  (2 
species);  Musophaga  (2  species);  Corythceola  (i  species)  ;  Schitor- 
his  (s  species) ;  and  Gymnoschizorhis  (2  species).  The  second  sub- 
order or  the  CucuLi  is  made  to  contain  but  the  single  family  the 
Cuculida^  and  this  is  divided  into  six  (6)  sub-families  thus : 


Sub-Families. 


Genera. 


No.  OF  Species. 


I.   CUCULIN.*. 


Coccystes 9 

Pachycoccyx 2 

Calliechthrus i 

Surniculus 3 

Hierrococcyx 7 

Cucttlus II 

Penthoceryx i 

Cercococcyx   I 

Cacomantis 13 

Mesocalius I 

Metallococcyx l 

Chrysococcyx 3 

Chalcococcyx 15 

Hctcrococcyx i 

Coccyzus 13 

Urodynamis    I 

Ettdynamis 7 

Microdynamis i 

Rhamphomantis i 

Scythrops i 


species. 


*  R.  BowDLER  SharPE,  LL.D.  :  A  Hand' List  of  the  Genera  and  Species  of 
Birds,  [Nomenclator  Avium  turn  fossilinm  turn  viventium. ]  Vols,  i, ii.  London, 
1900. 
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Sub-Families. 

II.  CENTROPODINiE. 


Genera. 


No.  OF  Species. 


III.  Phobnico- 

PHAINifi. 


IV.  Neomorphin^e. 

V.    DlPLOPTERINi€. 
VI.    CROTOPHAGINyE. 


Centropus 41  species. 

Saurothera 6      " 

Hyetornis   2  «« 

Piaya 7  ** 

Zanclostomus I  ** 

Taccocua i  ** 

Rhopodytes 7  «« 

Rhinortha I  «« 

Phoenicophaes x  ** 

Rhamphococcyx 2  " 

Rhinococcyx i  «« 

Urococcyx 3  «« 

Dryococcyx i  ** 

Ceuthmochares 3  " 

Dasylophus i  «» 

Lepidograxnmus i  ** 

Coua II  " 

Cochlothraustes i  " 

Carpococcyx 3  ** 

Neomorphus 5  " 

Geococcyx 2  ♦« 

Morococcyx i  ** 

DiplopterQs i  " 

Dromococcyx 2  " 

Crotophaga 3  " 

Guira i  « 


We  therefore  find  in  Sharpens  Hand-List  that  the  family 
Cucuiida  is  made  to  contain  45  genera  of  Cuckoos,  and  these  45 
genera  include  no  less  than  161  species.  This  is  a  great  many 
different  kinds  of  Cuckoos,  and  to  me  it  is  the  most  significant  in- 
dex extant,  indicating  how  little,  how  very  little,  we  yet  know  of 
their  morphology,  and  consequently  how  much  guesswork  there 
must  essentially  be  in  our  attempts  to  classify  them. 

The  writer  is  indebted  to  Mr.  Lucas,  of  the  U.  S.  National 
Museum,  for  the  loan  of  a  skeleton  of  a  Jacamar  (sp.  ?),  a  Diplop- 
terus,  and  a  specimen  of  Nyciiornis  amictus  from  Borneo — one  of 
the  Meropidcz.  All  of  these  I  have  examined  in  the  present  con- 
nection and  compared  them  with  skeletons  of  Ceryle  alcyon  and 
Ceryle  cabanisi. 

Unfortunately  the  skeleton  of  Diplopterus  had  been  injured,  but 
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a  glance  at  it  is  sufficient  to  satisfy  us  that  it  stands,  in  so  far  as  its 
osteology  is  concerned,  almost  directly  between  the  CentropodifUR 
and  the  Cucuiince.  It  will  be  seen  from  what  has  been  shown 
above  that  this  is  at  variance  with  Dr.  Sharpe's  opinion. 

Beyond  what  I  have  hazarded  in  the  concluding  paragraphs  of 
this  memoir  then,  in  the  way  of  suggestions  as  to  the  probable 
affinity  of  some  of  the  more  typical  Cuckoos  with  other  birds,  I 
would  not  at  the  present  time  make  or  express  any  more  decided 
opinion.  I  feel  that  I  ought  to  command  a  far  wider  knowledge  of 
the  morphology  of  the  entire  group  and  several  of  the  now-supposed 
allied  groups  than  I  possess  at  this  writing  before  doing  so,  or  be- 
fore that  opinion  would  be  of  any  value. 

Explanation  of  Plates. 

[All  the  figures  in  the  Plates  are  from  photographs  made  direct  from  the  specimens 
by  the  author.  Figs,  z  to  6  inclusive  in  Plate  I  are  of  natural  size,  the  material  being 
from  the  author's  private  collection.  The  figures  of  Plate  1 1  are  all  very  slightly 
reduced,  and  all  in  the  same  proportion.  The  skull  shown  in  Fig.  7  is  in  the  author's 
cabinets,  while  all  the  others  belong  to  the  U.  S.  National  Museum.] 

Plate  I. 

Fig.  I.  Right  lateral  view  of  the  skull  and  lower  mandible  of  Geococcyx  calif orni- 
anus.     Adult. 

Fig.  2.  Inferior  or  basal  view  of  the  skull  of  Geococcyx  calif ornianus.  Adult. 
Different  specimen  from  the  one  shown  in  Fig.  z. 

Fig.  3.  Superior  view  of  the  mandible  of  Geococcyx  calif  ornianus.  Adult.  Belongs 
to  the  skull  shown  in  Fig.  2  of  this  Plate. 

Fig.  4.  Ventral  aspect  of  the  pelvis  of  Geococcyx  californianus.  Adult.  Belonged 
to  the  same  individual  that  furnished  the  skull  shown  in  Fig.  i  of  this  Plate.  On 
this  pelvis  the  coccygeal  vertebrae  and  pygostyle  are  attached  in  situ. 

Fig.  5.  Superior  aspect  of  the  cranium  of  a  subadult  specimen  of  Geococcyx  califor- 
nianus, showing  principally  the  frontal  and  parietal  bones  with  the  sutures 
between  them.    The  bones  of  the  face  and  other  elements  have  been  removed. 

Fig.  6.  External  aspect  of  the  left  femur,  fibula  and  tibio-tarsus  of  a  subadult 
specimen  of  Geococcyx  californianus,  from  the  same  individual  that  furnished 
the  skull  shown  in  Fig.  5.  The  femur  is  not  placed  in  situ,  its  proximal  end  is 
resting  on  the  shaft  of  the  tibio-tarsus.  and  in  this  figure  we  see  the  epiphysis  on 
the  summit  of  the  latter  described  in  the  text. 

Plate  II. 

Fig.  7.     Right  lateral  view  of  the  skull  and  mandible  of  an  adult  specimen  of  the 

Yellow-billed  Cuckoo  {Coccyxus  anuricanus). 
Fig.  8.     Right  lateral  view  of  the  skull  and  detached  mandible  of  an  adult  specimen 

of  the  Ani  [^Crotophaga  sulcirostris).    Spec.  No.  61467  of  the  Coll.  U.  S.Nat. 

Museum. 
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Fig.  9.  Outer  view  of  the  skeleton  of  the  right  pectoral  limb  of  Crotopkaga  sulcircs- 
iris,  from  the  same  individual  that  furnished  the  skull  and  mandible  shown  in 
Fig.  8  of  this  Plate. 

Fig.  10.  Ventral  aspect  of  the  sternum,  coracoids  and  os  furcula  of  Centrofus 
super ciliosus.    Adult  specimen.     (From  Spec.  No.  19112,  Coll.  U.  S. Nat.  Mus.) 

Fig.  II.  Right  lateral  aspect  of  the  spinal  column  and  the  trunk  skeleton  of  adult 
specimen  of  Crotopkaga  sulcirostris,  from  the  same  individual  that  furnished  the 
skull  shown  in  Fig.  8  and  the  pectoral  limb  shown  in  Fig.  9. 

Fig.  12.  Superior  aspect  of  the  lower  mandible  of  Centropus  superciliosus,  from  the 
same  specimen  that  furnished  the  sternum  shown  in  Fig.  10. 

Fig.  13.  Dorsal  aspect  of  the  pelvis  of  Centropus  super ciliosus,  from  the  same  indi- 
vidual that  furnished  the  sternum  shown  in  Fig.  10  and  the  lower  jaw  in  Fig.  12 
of  this  Plate. 

Fig.  14.  Right  lateral  aspect  of  the  spinal  column  and  the  trunk  skeleton  of  Diplcp- 
terus  navius.  Adult.  (Spec.  No.  19,221,  Coll.  U.  S.  Nat.  Mus.)  The  scapulae 
have  been  broken  off  and  there  is  a  fracture  of  the  right  coracoid. 

Fig.  15.  Right  lateral  aspect  of  the  skull  and  lower  mandible  of  Diplopterus  navius. 
This  skull  is  from  the  specimen  that  furnished  the  trunk  skeleton  shown  in  Fig. 
14  of  this  Plate. 


Stated  Meeting,  January  18,  1901, 

J.  Cheston  Morris  in  the  Chair. 

Present,  8  members. 

The  decease  of  Baron  de  Selys  Longchamps,  at  Liftge, 
Belgium,  on  December  11,  1900,  at  the  age  of  86,  was  an- 
nounced. 

Prof.  Thomas  H.  Montgomery  presented  for  the  Transac- 
tions **  A  Study  of  the  Chromosomes  of  the  Germ  Cells  of 
Vortozoa.' ' 

Mr.  Joseph  Willcox  called  attention  to  some  meteorologi- 
cal deceptions  practiced  upon  box  turtles  in  the  vicinity  of 
Philadelphia  this  winter. 

Dr.  I.  Minis  Hays  was  chosen  Librarian  for  th^  ensuing 
year. 

The  following  Standing  Committees  were  appointed  for  the 
year : 

Finance, — Philip  C.  Garrett,  William  V.  McKean,  Joel 
Cook. 
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Hall. — Joseph  M.  Wilson,  Harold  Goodwin,  John    Mar- 
shall. 

Pvblication. — Henry  Carey   Baird,   Patterson   DuBois,    I. 
Minis  Hays,  Joseph  Willcux,  Morris  Jastrow,  Jr. 

Library. — ^George  F.  Barker,  T.  Hewson  Bache,  Albert  U. 
Smyth,  Joseph  G.  Rosengarten,  Edwin  G.  Conklin. 

Michaux   Legacy.  —  Thomas    Meehan,    Angelo    Heilprin, 
William  Powell  Wilson,  Burnet  Landreth,  Joseph  T.  Roth- 
rock. 
■    The  Society  was  adjourned  by  the  presiding  member. 


iitated  Meeting^  February  Jf,  1901. 

Vice-President  Sellers  in  ^he  Chair. 

Present,  21  members. 

A  notice  of  the  Fiftieth  Anniversary  of  the  Imperial  Royal 
Zoological  and  Botanical  Society  of  Vienna,  on  March  30, 
1901,  was  received  with  an  invitation  to  eend  delegates  to  the 
same. 

An  invitation  was  received  from  the  Provost  and  Vice-Chan- 
cellor of  the  University  of  Glasgow  to  send  delegates  to  the 
Ninth  Jubilee  (450th  Anniversary)  of  the  founding  of  the 
University,  to  be  held  on  June  12,  13  and  14  next. 

On  motion,  these  invitations  were  referred  to  the  Officers 
and  Council  for  action. 

A  communication  was  also  received  from  the  Academic 
Roy  ale  des  Sciences  de  Turin  announcing  the  offer  of  a  prize  of 
9600  francs  for  the  most  brilliant  or  important  discovery  on 
physical  or  experimental  science. 

The  death  of  Prof.  Elisha  Gray,  at  Newtonville,  Mass.,  on 
January  21,  1901,  was  announced. 

Vice-President  Sellers  delivered  the  Annual  Address,  taking 
for  his  subject  "  Technical  Education." 

The  Society  was  adjourned  by  the  presiding  officer. 
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Stated  Meeting  February  15,  1901. 
Vice-President  Barker  in  the  Chair. 

Present,  27  members. 

Mrs.  Zelia  Nuttall  exhibited  proofs  of  a/ac'simile  of  the  an- 
cient Mexican  Codex  which  she  has  recently  brought  to  light. 
She  described  how  she  learned  of  the  existence  of  this  Codex ; 
how  it  had  once  belonged  to  the  Library  of  San  Marco, 
in  Florence,  whence  it  was  stolen  and  sold ;  and  how  she  suc- 
ceeded in  tracing  it  and  obtaining  from  its  present  owner, 
an  English  nobleman,  the  permission  to  publish  it  in /ac-8imilef 
.  and  thus  place  it  within  the  reach  of  the  scientific  world. 

The  costly  reproduction  of  the  Codex  has  been  rendered 
possible  by  the  generosity  of  Mr.  Charles  P.  Bowditch,  of  Bos- 
ton, a  patron  of  the  Peabody  Museum  of  American  Archae- 
ology and  Ethnology,  Cambridge,  Mass.,  under  whose  auspices 
the  publication  will  be  shortly  issued,  with  an  introduction 
and  notes  by  Mrs.  Zelia  Nuttall. 

The  original  Codex  is  painted  on  a  long,  delicately  prepared 
strip  of  deerskin,  which  is  painted  on  both  sides,  is  folded 
zizzag  fashion  and  forms  forty-four  pages  on  one  side  and 
forty-three  on  the  other,  making  a  total  of  eighty-seven  pages 
covered  with  pictography. 

The  Codex  commemorates  wars  and  victories  and  gives  the 
names  of  a  number  of  conquered  towns  and  vanquished  chief- 
tains. It  is  a  native  historical  document  of  unparalleled  im- 
portance, and  is,  besides,  the  best  preserved,  most  carefully 
executed  specimen  of  Mexican  pictography  known,  its  artistic 
excellency  being  only  comparable  to  that  of  the  Vienna  Codex. 
The  latter,  preserved  at  the  Imperial  Library  at  Vienna, 
appears,  indeed,  to  be  the  work  of  the  same  native  scribe. 
What  is  more,  both  Codices  furnish  internal  evidence  proving 
that  they  deal  with  the  same  period  of  native  history  and 
contain  references  to  some  of  the  same  events  and  localities. 
The  inference  is  that  they  belong  together,  complement  each 
other,  and  were  sent  from  Mexico  to  the  Old  World  at  the 
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same  time.  Mrs.  Nuttall  is  inclined  to  tliink  that  these  Co- 
dices may  be  identified  with  the  "  two  native  books  "  enumer- 
ated amongst  the  presents  sent  by  Gortez  to  Charles  II,  and  is 
investigating  this  point  prior  to  the  publication  of  the  new 
Codex. 

Mr.  Stewart  Culin  presented  a  communication  on  "  Some 
Results  of  a  Recent  Collecting  Trip  Among  the  American  In- 
dians," with  an  exhibition  ot  many  interesting  specimens. 

The  Society  proceeded  to  the  election  of  members,  and  the 
tellers  reported  that  the  following-named  candidates  had  been 
duly  elected  to  membership  in  the  Society  : 

Prof.  Henry  H.  Giglioli,  of  Florence,  Italy. 

William  M.  Meigs,  of  Philadelphia,  Pa. 

Richard  Garnett,  of  London,  Eng. 

George  Harrison  Fisher,  of  Philadelphia,  Pa. 

Prof.  Josiah  H.  Penniman,  of  Philadelphia,  Pa. 

Prof.  H.  C.  Bumpus,  of  Providence,  R.  I. 

John  T.  Morris,  of  Philadelphia,  Pa. 

Dr.  Simon  Flexner,  of  Philadelphia,  Pa. 

Giovanni  Schiaparelli,  of  Milan,  Italy. 

Prof.  Oliver  Joseph  Lodge,  of  Birmingham,  Eng. 

Guglielmo  Marconi,  of  Dorset,  Eng. 

Charles  Francis  Adams,  of  Boston,  Mass. 

Prof.  Wladimir  MarkownikoflF,  of  Moscow,  Russia. 

The  Society  was  adjourned  by  the  presiding  officer. 


Stated  Meeting,  March  1,  1901. 

Curator  Lymax  in  the  Chair. 

Present,  10  members. 

Mr.  John  T.  Morris,  a  newly  elected  member,  was  pre- 
sented to  the  Chair  and  took  his  seat  in  the  Society. 

Letters  accepting  membership  were  received  from  Prof. 
Josiah  W.  Penniman,  Mr.  Charles  Francis  Adams,  Mr.  John 
T.  Morris  and  Mr.  William  M.  Meigs. 
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The  President  announced  the  appointment  of  Prof.  Edward 
Suess,  of  Vienna,  to  represent  the  Society  at  the  jabliee  cele- 
bration of  the  K.  K.  Zoologisch-Botanische  Gesellschaft,  to 
be  held  at  Vienna  on  March  30. 

The  list  of  donations  to  the  Library  was  laid  on  the  table 
and  thanks  were  ordered  therefor. 

Dr.  E.  W.  Shufeldt  presented  for  the  Transactions  a 
memoir  on  **  The  Osteology  of  the  Steganopodes." 

The  Society  was  adjourned  by  the  presiding  officer. 


Stated  Meeting,  March  15,  1901. 

Vice-President  Wistar  in  the  Chair. 
Present,  25  members. 

Prof.  Jacques  Loeb,  Prof.  Arthur  S.  Mackenzie  and  Prof* 
Josiah  H.  Penniman,  recently  elected  members,  were  pre- 
sented to  the  Chair  and  took  their  seats  in  the  Society. 

Letters  were  received  from  Mr.  Eichard  Garnett,  of  Lon- 
don, and  Prof.  Oliver  Joseph  Lodge,  of  Birmingham,  Eng., 
accepting  membership. 

The  President  announced  the  appointment  of  the  Hon. 
Charlemagne  Tower  and  Prof.  Albert  H.  Smyth  as  dele- 
gates to  the  ninth  jubilee  celebration  of  the  University  of 
Glasgow. 

An  invitation  to  send  delegates  was  received  from  the 
President  of  the  Fifth  International  Congress  of  Zoology,  to 
be  held  at  Berlin,  on  August  12-16,  1901. 

Prof.  Jacques  Loeb,  of  the  University  of  Chicago,  read  a 
paper  on  "Artificial  Parthenogenesis,''  which  was  discussed 
by  Prof.  Conklin. 

The  Society  was  adjourned  by  the  presiding  officer. 
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Stated  Meeting,  April  12,  1901. 

Vice-President  Barker  in  the  Chair. 
Present,  25  members. 

Letters  were  read  :  From  Mr.  Guglielmo  Marconi,  Prof. 
Henry  H.  Giglioli  and  Dr.  Simon  Flexner,  accepting  mem- 
bership. 

From  the  K.  K.  Zoologisch-Botanische  Gesellschaft  in 
Wien,  containing  an  invitation  to  a  banquet  on  the  30th  of 
March,  in  honor  of  the  50th  anniversary  of  the  founding  of 
the  Society. 

From  Prof.  Edward  Suess,  of  Vienna,  announcing  that  he 
had  discharged  the  duty  which  he  had  been  appointed  by 
this  Society  to  perform  as  its  delegate  to  the  K.  K.  Zoolo- 
gisch-Botanische Gesellschaft  in  Wien,  and  had  transmitted 
the  congratulatory  address  which  this  Society  had  forwarded. 

From  Hon.  Charlemange  Tower,  accepting  the  appointment 
as  one  of  the  Society's  delegates  to  the  approaching  450th 
anniversary  celebration  of  the  founding  of  the  University  of 
Glasgow. 

A  list  of  donations  to  the  Library  was  laid  on  the  table  and 
thanks  were  ordered  for  them. 

Dr.  Horace  Howard  Furness  presented  on  behalf  of  the 
donors  a  portrait  of  the  late  Dr.  William  Pepper. 

The  thanks  of  the  Society  were  tendered  to  the  donors  for 
their  valued  gift. 

The  death  was  announced  of  Lorin  Blodgett,  Esq.,  in 
Philadelphia,  on  March  24tli,  aged  79  years. 

Mr.  R.  H.  Mathews  presented  a  paper  on  **  Aboriginal 
Rock  Pictures  in  Queensland,''  upon  which  remarks  were 
made  by  Gen.  Wistar  and  Mr.  Culin. 

The  meeting  was  adjourned  by  the  presiding  officer. 
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ABORIGINAL  ROCK  PICTURES  IN  QUEENSLAND. 

BY  R.    H.    MATHEWS,  L.S. 
{Read  ApHl  12, 1901.) 

A  number  of  interesting  aboriginal  carvings  are  found  on  the 
Burnett  river,  parish  of  South  Kolan,  county  of  Cook,  in  the  State 
of  Queensland.  The  drawings  are  cut  upon  some  flat  rocks  situated 
in  the  wide  channel  of  the  river  mentioned,  at  the  junction  there- 
with of  Pine  creek,  this  point  being  a  little  over  fourteen  miles  in 
a  direct  line  southwesterly  from  Bundaberg,  an  important  town  on 
the  Burnett  river.  The  small  township  of  South  Kolan  is  situated 
about  four  miles  northwesterly  from  these  carvings,  and  is  the  near- 
est railway  station  from  which  they  can  be  reached.  The  Burnett 
river,  in  this  locality,  consists  of  a  series  of  large  water-holes,  be- 
tween which  the  stream  runs  in  narrow  channels  worn  in  the  rocky 
bed. 

The  rocks  containing  the  carvings  are  a  kind  of  hard  sandstone, 
which  during  the  greater  part  of  the  year  are  quite  dry,  but  in 
times  of  floods  are  wholly  submerged.  Owing  to  the  latter  circum- 
stance, and  long  exposure  to  the  weather,  many  of  the  drawings  are 
now  scarcely  distinguishable.  Most  of  the  figures  are  small,  vary- 
ing from  a  few  inches  in  length  to  upward  of  two  feet,  representing 
native  weapons,  animals,  human  feet,  and  several  nondescript  de- 
vices. The  outline  of  each  figure  is  defined  by  a  groove  cut  into 
the  hard  surface  of  the  rock  to  a  depth  varying  from  one-eighth  to 
one-quarter  of  an  inch,  the  width  of  the  groove  ranging  from  less 
than  half  an  inch  in  the  smallest  to  about  an  inch  and  a  quarter  in 
the  largest  specimens. 

The  mode  of  execution  was  to  make  a  row  of  indentations  or 
punctures  along  the  outline  of  the  drawing  by  means  of  repeated 
blows  with  sharp-pointed  pieces  of  hard  stone.  The  distance  be- 
tween the  indentations  varies  from  about  a  third  of  an  inch  to  half 
an  inch  or  more,  being  farther  apart  in  the  larger  objects.  The  space 
between  each  puncture  was  subsequently  chipped  out,  thus  making 
a  complete  groove  around  the  exterior  of  the  drawing.  The  po- 
sitions of  the  punctures  are  still  discernible,  being  somewhat  deeper 
and  wider  than  the  other  portions  of  the  groove — remaining  as  a 
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witness  of  the  method  adopted  by  the  artist  in  carrying  out  the 
work. 

Old  residents  of  the  district  have  known  of  these  rock  carvings 
for  twenty-five  or  thirty  years,  which  were  then  fresher  and  more 
numerous  than  at  present.  Very  little  notice  was,  however,  taken  of 
them,  and  so  far  as  I  am  aware,  no  definite  description  of  them  has 
hitherto  been  published. 

Near  Rawbelle,  a  stock  station  on  the  Rawbelle  river,  one  of  the 
headwaters  of  the  Burnett  river,  county  of  Wicklow,  Queensland, 
similar  carvings  to  thie  foregoing  have  been  observed.  They  are  cut 
on  some  large  rocks  on  the  sides  and  bed  of  a  watercourse  about  four 
miles  distant  from  Rawbelle  head  station  in  a  westerly  direction. 
The  carvings  comprise  human  figures,  weapons,  feet  of  men  and 
animals,  and  several  indecipherable  representations.  The  rock  on 
which  they  are  incised  is  a  dark  hard  sandstone,  and  the  method  of 
procedure  in  executing  the  drawings  is  the  same  as  that  described  in 
dealing  with  the  carvings  near  South  Kolan.  Some  of  the  pioneers 
of  this  part  of  Queensland  have  known  of  these  drawings  for  thirty 
or  forty  years,  but  no  attention  has  been  given  to  them. 

About  two  miles  in  a  northwesterly  direction  from  Augustus 
Downs'  cattle  station,  on  the  bank  of  the  Leichhardt  river,  in  north- 
ern Queensland,  is  a  large  rock  containing  aboriginal  carvings, 
among  which  may  be  mentioned  representations  of  boomerangs  of 
different  shapes,  shields,  and  one  or  two  human  hands.  The  rock, 
which  is  a  kind  of  conglomerate,  is  gradually  crumbling  away  under 
exposure  to  the  weather  and  from  other  causes,  owing  to  which 
some  of  the  native  drawings  have  disappeared  since  they  were  first 
observed  some  years  ago. 
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Stated  Meeting,  April  19,  1901, 
Vice-President  Sellers  in  the  Chair. 
Present,  19  members. 

The  donations  to  the  Library  were  laid  on  the  table,  and 
thanks  were  ordered  for  them. 

The  decease  was  announced  of  the  following  members  : 

Prof.  Henry  A.  Rowland,  at  Baltimore,  on  April  16,  1901. 

Rev.  Dr.  F.  A.  Muhlenberg,  at  Reading,  on  March  21, 
1901,  aged  82. 

Prof.  W.  B.  Scott  presented  a  paper  on  **The  Miocene 
Faunas  of  Patagonia,"  which  was  discussed  by  Gen.  Wistar, 
Prof.  Pilsbry,  Prof.  Conklin,  Dr.  Sellers  and  Mr.  Balch. 

Dr.  Morris  Longstreth  exhibited  a  specimen  of  ^  the  so- 
called  blood-rain  which  recently  fell  in  Italy. 

The  meeting  was  adjourned  by  the  presiding  officer. 
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PROCEEDINGS 

OP  THE 

AMERICAN    PHILOSOPHICAL    SOCIETY 

HELD  AT  PHILADELPHIA  FOR  PROMOTING  mm  LNOWlEDfiE. 

Vol.  XL.  July,  1901.  No.  166. 

Stated  Meeting,  May  S,  IDOL 

Vice-President  Wistar  in  the  Chair. 

Present,  13  members. 

\    Letters  were  read  as  follows  : 

From  Prof.  Vladimir  Marcovnikoff,  accepting  membership. 

From  K.  K.  Zoologisch-Botanische  Gesellschaft,  expressing 
sincere  thanks  for  the  honor  shown  by  the  transmission  of 
the  congratulatory  address  on  the  occasion  of  its  fiftieth  an- 
niversary celebration. 

From  Institute  of  Jamaica,  thanking  the  Society  for  con- 
tinuing to  send  its  Proceedirifjs^  notwithstanding  the  tempo- 
rary suspension  of  the  publications  of  the  Institute. 

The  donations  to  the  Library  were  laid  on  the  table,  and 
thanks  were  ordered  for  them. 

The  decease  of  the  Right  Keverend  William  Stubbs,  Lord 
Bishop  of  Oxford,  on  April  22,  lUOl,  at  the  age  of  75,  was 
announced. 

Prof.  Lewis  M.  Haupt  made  some  remarks  on  **  Methods 
of  Deepening  Ocean  Bars,''  which  was  discussed  by  Gen. 
Wistar. 

Mr.  R.  n.  Mathews  presented  a  paper  on  **  The  Thoorga 
and  Other  Languages." 

Prof.  W.  B.  Scott  presented  for  the  Transactions  a  paper 
on  *'The  Fossil  Mammalia  of  the  White  River  Bc«is  of 
Montana,''  by  Mr.  Earl  Douglass. 

The  meeting  was  adjourned  by  the  presiding  olliccr. 
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METHODS  OF  IMPROVING  OCEAN  BARS. 

BY  LEWIS  M.  HAUPT. 

{Read  May  S,  1901.) 

In  an  official  report  on  the  '* Brunswick  Outer  Bar,  Georgia,"* 
the  U.  S.  Engineer  now  in  charge  of  that  work  presents  an  elabor- 
ate analysis  of  five  methods  available  for  creating  navigable 
channels :  {a)  by  the  use  of  dynamite ;  (^)  by  a  single  jetty ;  (r) 
by  a  single  curved  breakwater ;  {d)  by  twin  jetties ;  and  {e)  by 
dredging;  from  which  he  concludes  that  the  last  is  "probably" 
the  most  economical  and  hence  he  recommends  that  **  the  Govern- 
ment should  own  and  operate  such  sea-going  dredges  as  are  neces- 
sary and  not  call  upon  contractors  for  such  work  at  all." 

Inasmuch  as  the  history  of  maritime  works  is  replete  with  the 
failure  of  dredging  machines  to  create  and  maintain  deep  channels 
in  the  open  ocean  and  that  the  analysis  and  conclusions  as  to  the 
methods  are  so  erroneous  as  to  facts  and  results,  the  writer  feels  im- 
pelled, in  the  interest  of  the  public  service,  to  submit  a  brief 
review  of  some  of  the  cases  cited  therein,  with  a  view  of  bringing 
out  the  truth  more  clearly. 

I.  Dynamite. 

On  this  subject  the  author  of  the  report,  although  having  had 
no  experience  in  the  use  of  dynamite,  concludes  as  follows  : 

"  Fourth.  The  channel  produced  (at  Brunswick,  by  use  of  dyna- 
mite) has  no  advantage  of  permanence  over  a  dredged  channel  of 
similar  size  and  location,  which  could  be  produced  for  about  one- 
twelfth  of  the  cost  of  the  present  channel."  The  unfortunate  part 
of  this  comparison  and  assertion  is  that  the  "  channel  produced  "  is 
the  result  of  dynamite  aided  by  dredging,  and  is  not  therefore  such  a 
channel  as  might  have  been  secured  by  dredging  alone,  for  it  is  a 
curved  channel  with  flat  slopes  constructed  by  aid  of  natural  forces 
and  which  is  larger  than  the  channel  contracted  for  and  unusually 
permanent.  None  of  these  things  would  be  true  of  a  dredged 
channel  in  the  open  sea,  unprotected  by  jetties  or  regulating  works. 
As  no  dredged  channel  of  similar  size  and  location  exists  as  a  basis, 
no  comparison  can  be  made  as  to  cost  at  this  site ;  but  a  thorough 
analysis  of  other  efforts  to  secure  deep  channels  elsewhere  shows 
that  this  effort  of  the  contractor  has  been  far  less  expensive,  both  for 

.   *  See  Document  355  H.  R.,  56ih  Congress,  2d  Session. 
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construction  and  maintenance,  than  any  or  all  other  methods 
attempted  by  the  Government,  as  the  accompanying  statement, 
compiled  from  official  statistics,  will  attest.  An  inspection  of  this 
exhibit  will  show  that  the  cost  per  foot  of  depth  gained  at  six  other 
ocean  bars  ranged  from  j  166,000  to  $893,000,  the  average  being 
$468,560,  so  that  the  cost  at  Brunswick  is  only  about  ten  per  cent, 
of  that  at  other  points  where  large  annual  expenses  are  still  required 
for  maintenance. 

The  work  at  Brunswick  was  undertaken  by  a  private  citizen  of 
that  place,  at  his  own  risk  and  expense,  under  contract  with  the 
Government  for  payments  only  after  the  results  were  secured,  in  order 
to  save  the  commerce  from  annihilation.  The  officer  in  charge 
states  that  to  build  there  a  pair  of."  high  tide  jetties  which  might  be 
expected  to  create  and  maintain  an  ample  channel  would  be  pro- 
hibitory. Jetties  to  low  tide  could  be  expected  merely  to  preserve 
the  channel  location  and  reduce  the  cost  of  dredging.  The  esti- 
mated cost  of  these  is  J2, 829, 608.  The  interest  on  this  sum 
at  three  per  cent,  would  be  $84,888. 24  per  annum,  or  probably 
much  more  than  enough  to  create  annually,  by  dredging,  the 
channel  depths  and  widths  required  by  the  act." 

In  a  subsequent  part  of  his  report  the  officer  in  charge  estimates 
that  the  requisite  channel  could  have  been  created  by  removing 
125,000  cubic  yards  at  a  cost  of  only  $18,750.  It  may  well  be 
asked  why  this  discovery  was  not  made  and  applied  at  an  earlier 
date  and  the  $253,646  already  paid  the  contractor  for  his  channel, 
secured  after  seven  years  of  labor,  have  been  saved. 

While  this  conclusion  leaves  the  whole  matter  of  cost  problemati- 
cal and  guarantees  nothing,  it  also  assumes  that  low  tide  jetties  would 
fix  the  channel  and  reduce  the  cost  of  dredging,  whereas  the  result 
would  be  to  admit  and  impound  the  littoral  drift  between  them  and 
so  increase  the  amount  to  be  removed  if  it  did  not  entirely  obliterate 
the  channel,  as  has  happened  at  Cumberland  Sound,  immediately  to 
the  south,  where  this  plan  was  tried  by  his  predecessor  and  signally 
failed.  But  if  the  cost  of  maintenance  were  even  as  low  as  $60,000, 
this  at  three  per  cent,  would  represent  $2,000,000,  and  the  single 
reaction  breakwater  could  be  built  on  this  bar  for  less  than  half 
this  sum,  which  would  create  and  maintain  the  channel ;  but  the 
author  of  the  report  dismisses  this  method  with  the  remark  that 
its  theory  is  "  fatally  defective,'*  and  further  that  the  breakwater 
at  Aransas  Pass  built  on  this  plan  "  is  not  located  according  to 
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the  theory,"  although  admitting  that  beneficial  results  have  fol- 
lowed its  construction.  In  the  large  space  which  he  devotes 
to  its  discussion,  he  unwittingly  shows  that  the  theory  and  its 
application  are  entirely  misunderstood  by  himself  and  others 
who  have  attempted  to  apply  it  at  other  places,  and  that  great  waste 
to  the  Government  has  resulted  from  a  misconception  of  local 
physical  conditions. 

2.  The  Single  Jetty. 

It  is  generally  believed  that  to  protect  an  area  from  material  mov- 
ing in  a  given  direction  it  is  necessary  to  place  a  barrier  on  the 
near  side  of  the  area,  or  between  it  and  the  source  of  the  drifts  to 
arrest  it  on  the  "windward  '*  side.  This  is  the  common  practice 
on  our  western  prairies  to  defend  the  railroads  from  prevailing  winds 
and  snowdrifts,  or  along  our  seashore  drives  to  keep  the  sand  out. 
To  place  the  barricade  on  the  far  side  would  result  in  rendering 
such  thoroughfares  impassable  or  greatly  increase  the  cost  of  main- 
taining traffic.  Precisely  the  same  laws  obtain  in  sand  driven  by 
ocean  currents  or  waves,  and  yet  it  appears  that  almost  invariably 
and  with  numerous  precedents  as  a  guide  the  jetty  is  placed  on  the 
far  or  wrong  side  of  the  channel  to  be  created,  where  it  invariably 
chokes  it  up  and  results  in  pushing  the  bar  seaward,  giving  no  bene- 
ficial result  from  the  natural  energy  and  adding  greatly  to  the  cost. 

For  example,  this  report  says  that  a  single  jetty  projecting  from 
shore  to  fix  the  channel  and  prevent  a  considerable  escape  of  the 
tidal  flow  should  be  placed  on  the  leeward  of  the  channel,  or 
"upon  that  side  of  the  channel  toward  which  the  latter  is  being 
driven  by  the  drifting  sands,'*  and  it  adds,  "This  principle  of 
construction  was  first  suggested  by  Major  Thomas  W.  Symons, 
Corps  of  Engineers,  U.  S.  Army." 

The  Major  will  hardly  claim  the  honor  of  so  serious  a  fallacy, 
since  a  jetty  so  located  was  suggested  by  a  former  Chief  of  Engi- 
neers, now  deceased,  for  the  improvement  of  Aransas  Pass  and 
was  partially  built  by  the  district  engineer  in  the  years  1885-90, 
but  it  merely  intercepted  the  littoral  drift  moving  southerly, 
dropped  it  in  the  channel  which  it  obstructed  and  pushed  the  bar 
seaward  with  a  consequent  loss  of  depth.  It  cost  nearly  half  a 
million  dollars  and  was  an  acknowledged  failure.  It  furnished  a 
complete  demonstration  of  the  falsity  of  the  theory  of  attempting 
to  create  a  channel  by  placing  a  jetty  to  "  leeward  of  the  channel." 
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This  experience  should  have  sufficed,  but  it  did  not,  as  the  same 
error  was  repeated  at  Galveston ^  where  for  many  years  an  effort 
was  made  to  create  a  channel  by  building  one  jetty  on  the  "  lee- 
ward **  side  of  the  channel  which  it  closed  by  a  shoal,  and  which 
rolled  the  crest  of  the  bar  about  three  miles  farther  into  the  Gulf 
and  with  no  increase  of  depth.  It  was  only  after  the  windward 
jetty  was  built  which  partially  arrested  the  drift  that  dredges 
were  enabled  to  make  any  material  impression  on  the  depth. 

In  this  single  instance,  the  repetition  of  this  error  in  tlie  order 
of  construction  has  increased  the  cost  of  the  work  more  than 
$6,000,000,  and  yet,  notwithstanding  the  frequent  discussions  of 
this  subject,  it  does  not  seem  to  have  been  sufficient  to  have  been 
convincing,  since  it  is  again  seriously  recommended  to  repeat  fhe 
mistake  by  locations  made  on  the  "leeward**  side  of  the  channel, 
and  the  success  which  has  attended  the  opposite  location  is  pro- 
nounced "  fatally  defective. " 

Moreover,  it  is  tnie  that  several  jetties  have  been  partially  con- 
structed on  the  Pacific  coast  also  based  upon  this  erroneou«5  idea, 
that  the  best  way  to  create  a  channel  was,  first,  to  dam  it  up  by  a 
jetty  to  leeward  and  then  to  dredge  it  out,  as  the  sequel  will  show. 

The  report  says  (p.  19),  **  A  single  jetty  at  Coos  Bay^  Oregon, 
has  been  built  in  accordance  with  this  theory  and  appears  to  have 
been  successful  in  increasing  the  depth  from  ten  feet  to  not  less 
than  eighteen  feet,  which  latter  it  has  maintained  for  the  last  ^\t 
years." 

Unfortunately  for  this  alleged  increase  of  eight  feet,  caused  by 
a  jetty  built  to  leeward,  upon  which  reliance  is  placed  to  prove  the 
theory,  the  official  records  of  the  Reports  of  the  Chief  of  Engi- 
neers show  that  the  natural  depths  prior  to  the  beginning  of  the 
work  were  at  one  time  twenty-seven  feet,^  while  the  latest  report  gives 
the  depth  as  ranging  from  eighteen  to  twenty-two  feet  and  the  map 
shows  the  limiting  depth  to  be  nineteen  feet,  or  a  loss  of  eight  feet  in- 
stead of  a  gain,  thus  disproving  the  theory  of  the  leeward  jetty,  as  in 

^See  Report,  1892,  p.  2673:  «« Capt.  Magee  states  that  the  best  water  and 
safest  channel  \\  always  found  when  the  channel  across  the  bar  is  in  its  most 
southern  position,  t.  ^.,  about  500  or  icx)  feet  south  of  the  present  position  of  the 
bar  buoy.  It  is  safest  because  it  affords  the  shortest  and  most  direct  route  to 
the  sea,  and  enables  a  vessel  generally  to  take  the  swell  head  on,  or  nearly  so. 
At  one  time  when  the  channel  was  in  the  abjve  position  there  were  twenty-seven 
feet  at  low  water  across  the  bar." 


68  HAUPT — METHODS  OF   IMPROVING  OCEAN   BARS.      [May  3, 

Other  cases.  This  single  jetty  is,  however,  but  the  incompleted  part 
of  a  twin  jetty  project  and  hence  was  not  designed  to  operate  as  a  single 
reaction  jetty  at  all.  The  total  appropriations  were  $888,750, 
while  the  estimated  amount  to  complete  the  twin  jetties  to  secure 
twenty  feet  is  11,791,413.20;  total,  12,680,162.30.  The  bar  is 
moving  seaward  at  a  more  rapid  rate  than  ever,  and  is  now  about 
1800  feet  beyond  the  jetty.     Its  average  rate  is  200  feet  per  annum. 

The  question  may  well  be  asked.  Why  build  this  second  jetty,  at 
so  great  cost,  if  the  depths  are  already  over  twenty  feet,  and  if 
dredging  is  so  much  cheaper?  The  map  however  shows  why,  since 
a  sand  spit  extends  from  the  southerly  side  of  the  channel  to  be- 
yond the  end  of  the  north  jetty  and  the  bar  is  1800  feet  beyond 
the  end  of  the  work.  The  crossing  is  north  of  the  jetty  which 
extends  straight  out  from  high  water  mark.  In  the  writer's  opinion, 
had  the  south  jetty  been  built  first  the  north  one  could  have  been 
greatly  shortened,  or  possibly  omitted  altogether. 

The  low  tide  jetty  at  the  mouth  of  the  Columbia  river,  to  which 
reference  is  made,  although  placed  on  the  windward  side  of  the  chan- 
nel with  reference  to  the  littoral  drift,  was  not  built  high  enough  to 
intercept  that  movement,  neither  was  it  curved  in  the  right  direc- 
tion to  control  the  ebb  reaction,  and  hence  it  followed  that  during 
the  time  while  the  groin  was  filling  the  bar  deepened,  but  as  soon 
as  this  was  accomplished  and  the  drift  could  travel  over  it,  the  bar 
again  retrograded  and  a  further  extension  of  over  four  miles  is 
required  to  catch  up  with  the  advancing  bar.  This  jetty  has  cost 
$1,965,022.76. 

The  last  annual  report  (1900)  says,  "The  result  of  the  survey 
shows  a  decrease  in  depth  of  from  four  to  five  feet  at  mean  low 
water.  The  greatest  depth  reported  the  previous  year  was  twenty- 
eight  feet Rapid  extensions  of  the  jetty  seem  essential  to 

recovering  former  depths.'*  The  map  shows  twenty-three  feet  on 
the  bar.*  The  estimate  for  forty  feet  is  placed  at  $2,531,140.  It 
is  not  an  illustration,  however,  of  a  jetty  placed  to  leeward  of  the 
channel,  neither  is  it  a  correct  application  of  one  to  windward,  as 
it  violates  the  conditions  of  protecting  the  channel  from  the  drift 
and  of  conserving  the  energy  of  the  effluent  stream. 

Failure  fully  to  comprehend  the  lessons  furnished  by  the  pre- 
cedents referred  to  in  this  report  results  in  a  repetition  of  the 

'  Natural  depths  of  twenty-eight  feet  were  reported  prior  to  1850.  Vide  Wilkes* 
Western  America,  1849,  Library  of  Congress. 
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unwise  recommendation  that  "A  single  jetty  on  this  principle  at 
Brunswick  would  be  located  on  the  south  side  of  the  channel,  since 
the  drifting  sands  come  from  the  north.** 

Such  a  location,  if  followed,  would  in  the  writer's  opinion  be 
ruinous  to  the  commerce   of   that   port.     Its  estimated  cost    is 

?i»5i7,798. 

It  is  certain  that  it  would  dam  up  the  channel  and  push  the  bar 
to  the  sea  with  the  same  or  less  depth  than  previously  existed,  as 
happened  to  the  Government  plans  at  Aransas  Pass  and  Galveston 
during  construction,  also  at  Cumberland  Sound  where  the  south 
jetty,  projecting  to  leeward,  has  entirely  obliterated  the  old  channel 
and  made  it  necessary,  to  open  a  new  one  by  dredging  away  a  part 
of  that  jetty  and  opening  a  passage  to  a  new  crossing  under 
its  lee.  This  experiment,  as  shown  in  Senate  Document  No.  163, 
Fifty-fifth  Congress,  First  Session,  should  have  sufficed  to  illustrate 
completely  the  results  to  be  anticipated  from  such  a  proposition  for 
Brunswick,  where,  it  is  stated,  there  **  is  an  enormous  sandbank 
which  moves  and  which  always  moves  very  positively  in  one 
direction." 

So  pronounced  was  the  failure  at  Cumberland  Sound,  after  twenty 
years  of  study  and  experiment  and  the  appropriation  of  11,787,500, 
that  in  1897  Congress  called  for  a  report  to  ascertain  whether  an 
emergency  appropriation  should  not  be  made  **lo  protect  the 
entrance  from  being  closed  against  commerce.*'  In  the  report 
made  in  pursuance  of  the  resolution,  the  officer  then  in  charge 
stated  :  "The  navigable  bar  channel  has  deserted  the  desired  route 
entirely,  the  present  channel  crossing  the  south  jetty  about  7000 
feet  seaward  of  its  initial  point.**  Also  the  bar  crossing  is  now 
**  nearly  half  a  mile  south  of  the  outer  end  of  the  jetty  **  and  the 
"  least  depths  are  somewhat  less  than  thirteen  feet.**  This  was  the 
natural  depth.  The  comparative  maps  in  this  report  show  that 
instead  of  the  channel  remaining  in  its  original  position  as  it 
should  have  done,  according  to  the  theory  of  the  author,  it  was 
actually  driven  across  the  intercepting  jetty  and  sought  its  nor- 
mal position  along  the  line  of  least  resistance  in  its  lee,  thus 
bringing  the  jetty  to  windward,  where  it  should  have  been  placed 
at  first. 

Thus  Nature  would  teach  Science,  if  the  latter  would  but  learn  to 
interpret  her  results  correctly.  A  more  complete  illustration  can 
hardly  be  found  of  the  soundness  of  the  theory  of  interposing  the 
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■barrier  between  the  channel  and  the  advancing  drift,  or  to  wind- 
ward and  not  to  leeward.  Heie  where  a  jetty  was  built  to  leeward, 
according  to  the  author's  ideas,  the  natural  forces  changed  it  to 
windward  by  shifting  the  channel  to  the  opposite  side — a  com- 
plete demonstration  in  his  own  district. 

The  report  also  shows  that  a  deep  and  narrow  channel  is  antici- 
pated on  the  windward  side  of  the  jetty,  for  it  says : 

**  It  is  difficult  to  see  how  such  a  constant  force  from  the  north 
could  avoid  crowding  the  channel  close  to  the  jetty  and  making  it 
sufficiently  deep  near  the  latter  torequire  extensive  and  expensive 
work  to  prevent  undermining." 

The  results,  however,  are  just  the  reverse  of  this  as  seen  at  Cum- 
berland Sound,  for  the  sand  being  heavier  than  water,  when  it 
meets  with  an  obstruction  is  dropped  in  the  channel,  if  to  wind- 
ward, and  fills  it  up.  Yet  notwithstanding  these  years  of  experience 
and  expense  at  Cumberland  the  report  states:  "The  jetties  so  far 
constructed  at  Cumberland  Sound  have  not  yet  progressed  suf- 
ficiently far  to  have  much  influence  upon  the  bar  depths." 

On  the  contrary,  the  author  might  have  said  with  more  truth, 
they  have  had  so  great  an  influence  upon  the  bar  depths  as  to  have 
entirely  obliterated  the  old  channel,  and  to  have  created  a  new 
one  which  now  crosses  the  south  jetty  through  the  breach  made  to 
admit  light  draught  vessels  to  the  port.  The  depth  has  not  been 
increased. 

A  somewhat  similar  experience  occurred  at  Manasquan  inlet  on 
the  New  Jersey  coast,  where  the  jetties  were  completely  buried 
under  a  sand  bank  and  appropriations  were  requested  to  remove  the 
obstructions.  These  lessons  of  experience  are  lost  upon  a  con- 
stantly shifting  personnel  and  they  have  cost  the  Government  much 
time  and  money,  whereas  the  bar  depths  have  not  been  materially 
increased  by  the  application  of  natural  forces.  In  recent  years,  by 
localizing  the  channel  at  the  mouth  of  the  Columbia,  there  was  a 
temporary  gain  of  about  four  feet  at  a  cost  of  $500,000  per  foot ;  and 
at  Galveston  of  thirteen  feet,  mainly  by  dredging,  costing  nearly 
J 700,000  per  foot  to  date.  The  total  expenditures  by  the  Govern- 
ment on  its  works  at  Aransas  Pass,  Galveston,  Coos  Bay,  Columbia 
Bar,  Cumberland  Sound,  St.  John's  River  and  Gray's  Harbor, 
where  in  most  cases  the  leeward  jetty  was  built  first  with  injurious 
results,  have  been  about  seventeen  millions  of  dollars  ($17,000,000) 
and  still  the  same  method  is  urged  as  being  the  proper  policy  to 
pursue. 
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3.  **The  Single,  Curved  Breakwater." 

The  report  next  analyzes  the  reaction  breakwater  partially  built 
by  private  capital  at  Aransas  Pass,  stating  some  of  the  requirements 
it  was  designed  by  its  inventor  to  fulfill,  namely:  (i)  It  must  be 
located  on  the  windward  side  of  the  channel.  (2)  It  must  be  de- 
tached from  the  shore  to  admit  the  full  tidal  prism.  (3)  It  must 
produce  a  continuous  reaction  across  the  bar  by  its  curved  trace. 

Another  requirement,  which  the  author  professes  not  to  understand 
clearly,  is  that  '*  the  breakwater  has  to  be  curved  to  produce  reac- 
tions similar  to  those  found  in  the  concavities  of  streams  and  hav- 
ing radii  sufficient  to  maintain  channels  of  the  requisite  depths;" 
also  '*  the  breakwater  must  change  the  conditions  of  equilibrium  of 
flood  and  ebb  currents  in  favor  of  the  latter." 

This  last,  he  adds,  "  is  too  vaguely  stated  to  admit  of  discussion." 
After  stating  that  the  first  and  second  of  the  above  requirements  are 
directly  contrary  to  each  other,  the  author  proceeds  to  predict  what 
should  happen,  but  which,  unfortunately  for  his  forecast,  after  some 
four  years  of  exposure,  has  not  happened.  The  channel  has  not 
shifted  its  position,  there  has  been  no  dredging,  nor  any  expenditure 
upon  any  part  of  the  work  for  maintenance,  and  the  depths  have  in- 
creased in  the  lee  of  the  breakwater  to  a  maximum  of  twenty-five 
and  a  quarter  feet  and  a  minimum  of  fifteen  and  a  half  feet,  although 
large  gaps  were  left  in  the  breakwater  at  both  ends  when  the  work 
was  suspended  in  1897. 

The  sophistries  and  opinions  suggested  to  discredit  these  unpre- 
cedented results  are  best  answered  by  the  results  themselves,  as 
the  report  acknowledges  "at  Aransas  Pass  to-day  there  is  prob- 
ably a  minimum  depth  of  fifteen  feet  with  over  twenty  feet  close  to 
the  jetty."  This  is  therefore  the  admitted  result,  with  barely  half 
of  the  work  contemplated  in  place. 

The  author  next  proceeds  to  show  that  not  only  is  the  theory  de- 
fective, but  that  it  has  not  been  correctly  applied  ;  and  to  sustain 
this  assumption  he  must,  perforce,  invert  the  direction  of  the  littoral 
drift,  ignoring  entirely  the  former  Government  experience  when  the 
old  curved  jetty  was  built  on  the  other  side  of  the  channel,  and 
resulted  in  failure. 

After  concluding  that  the  reaction  breakwater  is  not  built  in  ac- 
cordance with  the  theory  of  its  designer,  the  author  then  attempts 
to  build  up  a  case  of  two  jetties  by  statements  such  as  these : 

"  It  seems  plain  that  most  of  the  operation  is  that  simply  of  two 
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jetties,  one  somewhat  longer  than  the  other,  its  curved  shape  pos- 
sibly making  up  in  part  for  the  lack  of  length  in  its  mate.  The  first 
of  these  jetties — the  north  one — is  composed  of  two  parts,  one  of 
which  is  a  natural  bank  extending  from  St.  Joseph's  Island  to  the 
inner  end  of  the  breakwater,  a  distance  of  about  1700  feet."  As 
there  is  no  **  natural  bank"  across  this  1700  feet  of  tidal  opening, 
where  the  depths  are  from  five  and  a  quarter  to  four  and  three- 
quarters  and  two  feet  at  mean  low  water  and  which  opening  is  a 
part  of  the  design  to  admit  the  full  tidal  enegry,  and  as  all  of  the 
inner  end  of  the  so-called  jetty  to  a  point  4000  feet  from  the  island 
is  below  water  surface,  some  of  it  as  much  as  fifteen  feet,  it  is  diffi- 
cult to  accept  the  statement  that  it  is  part  of  the  jetty  relied  upon  to 
control  effectively  the  ebb  currents  or  even  to  arrest  sand,  which  does 
undoubtedly  enter  the  channel  through  the  gaps  to  the  detriment 
of  the  work  (see  Proceedings  of  American  Philosophical  Soci- 
ety, Vol.  38,  Plate  YII). 

But  the  author,  not  appreciating  fully  the  important  function  of 
arresting  this  drift,  adds  that  *'  the  trend  of  the  currents  is  such  that 
no  artificial  structure  is  needed  here."  Yet  the  Government  Board 
recommends  in  its  proposed  plan  to  close  this  opening  by  a  sill  some 
three  or  more  feet  high.  Why  should  it  do  so  if  not  needed  to  con- 
trol the  currents,  or  if,  as  the  author  asserts,  the  sand  is  drifting  in 
through  this  opening,  why  should  it  not  be  needed  to  arrest  this 
movement? 

The  report  then  stated  that  '*  for  a  further  distance  east  of  4650 
feet  we  have  in  the  breakwater  itself  a  more  or  less  complete  actual 
jetty,  with  a  little  foundation  beyond  this." 

How  much  is  **  more"  and  how  much  "less"  does  not  appear  ; 
so  that  from  the  author's  view  it  would  seem  the  north  jetty  consists 
of  a  natural  bank  for  1700  feet  and  a  more  or  less  completed  actual 
jetty  of  4650  feet,  a  total  structure  of  6350  feet,  giving  the  impres- 
sion to  one  ignorant  of  the  facts  that  there  is  a  retaining  wall  of  that 
length  which  controls  the  currents,  whereas  of  the  reaction  break- 
water, or  so-called  "  north  jetty,"  less  than  1500  feet  reach  above 
high  water,  and  hence  for  only  about  twenty  per  cent,  of  this  entire 
distance  are  the  currents  under  the  full  control  of  the  structure. 

The  alleged  south  jetty,  according  to  the  report,  is  built  up  in  a 
similarly  ideal  manner,  as  follows  : 

'*  Opposing  this  and  forming  the  south  jetty  we  have,  first,  the 
reveted  head  of  Mustang  Island  and  the  old  Nelson  jetty,  extend- 
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ing  from  the  same  base  to  a  distance  of  about  3150  feet.  Beyond 
that  we  have  the  old  Government  jetty,  a  submerged  structure, 
but  still  a  jetty  capable  of  exercising  an  important  influence  on  the 
tidal  flow  a  further  distance  of  2350  feet,  making  a  north  jetty  hav- 
ing a  total  length  of  6350  feet  and  a  south  jetty  having  a  total  length 
of  5500  and  located  about  1250  feet  apart." 

Again,  to  a  novice  these  statements  are  grossly  misleading,  since 
the  old  Nelson  jetty,  which  was  built  of  wooden  cylinders  filled  with 
sand,  was  destroyed  where  exposed  to  the  sea  soon  after  it  was 
placed,  as  was  predicted.  It  long  since  ceased  to  act  as  a  jetty 
(see  map.  Fig.  6,  in  the  report).  There  has  been  no  revetment 
placed  on  Mustang  Island  for  more  than  a  decade,  and  its  outer 
shore  line  has  apparently  advanced  between  January,  1899,  and  May, 
1900,  only  about  500  feet;  but  this  was  after  the  depths  as  reported 
were  secured  (see  Maps  5  and  6),  and  hence  could  not  have  been 
instrumental  in  causing  them.  Moreover,  the  old  Government  jetty 
is  not  only  **  submerged"  but  subterranean,  being  buried  under 
the  sand  which  the  reaction  breakwater  has  thrown  over  it ;  and 
hence  being  in  a  region  of  deposit,  not  of  scour,  and  being  under 
ground,  it  cannot  be  regarded  as  "capable  of  exercising  an  impor- 
tant influence  on  the  tidal  flow"  as  an  active  agent  to  confine  the 
currents,  and  thus  the  fallacy  of  the  two  jetties  1250  feet  apart  is 
reduced  to  the  eff"ective  portion  of  about  1500  feet  of  the  break- 
water extending  above  high  water  and  the  unfinished  submerged 
flank  of  the  same,  partially  overlapping  the  outer  end  of  Mustang 
Island,  but  having  gaps  of  fifteen  feet  and  less  in  depth.  The  sand- 
bank on  the  southerly  side  of  the  channel  is  the  dump  for  the  ma- 
terial removed  by  the  breakwater,  and  is  the  efl"ect,  not  the  cause,  of 
the  deepening  created  by  it.  The  theory  that  these  results  are  due 
to  two  jetties  is  wholly  without  foundation  in  fact. 

Another  serious  error  into  which  the  author  has  fallen  is  in  deter- 
mining the  direction  of  the  resultant  drift,  which  furnishes  the  key 
to  the  correct  solution  of  the  problem  by  a  single  jetty.  He  insists 
that  all  the  charts  which  were  accessible,  as  well  as  the  statements  of 
more  or  less  interested  parties,  were  to  the  effect  that  the  resultant 
movement  was  from  south  to  north,  and  that  since  the  breakwater  is 
on  the  north  side  it  is  therefore  located  to  leeward  and  not  to  wind- 
ward, as  it  should  be  according  to  the  theory  of  the  writer.  He 
discusses  the  anemometer  records,  and  although  they  show  that  the 
intensity  of  the  northeast  storms  is  to  that  of  the  southeast  as  43.7  is 
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to  34.2,  yet  because  the  lighter  winds  prevail  longer  from  the  south- 
east he  concludes  that  they  are  the  determining  factors,  and  over- 
looks entirely  the  unmistakable  record  of  the  movements  of  the 
inlets  along  this  coast,  as  shown  so  clearly  by  the  comparative 
charts  which  he  must  have  consulted  in  the  reports  to  which  refer- 
ence is  made.  These  show  that  the  tall  masonry  lighthouse  built  at 
Aransas  Pass  between  185 1  and  i860,  and  which  then  stood  abreast  of 
the  inlet  to  light  the  channel  and  bar  crossing,  is  now  about  two  miles 
to  the  north  of  the  present  position  of  the  inlet  and  its  bar,  so  that 
St.  Joseph's  Island  has  been  extending  southward  at  the  annual  rate 
of  about  260  feet,  while  Mustang  Island  has  been  receding ;  and  as 
the  channels  do  not  move  toward  but  away  from  the  resultant,  there 
should  be  no  cause  for  doubt  as  to  the  direction  of  the  movement, 
excepting  to  those  who  cannot  correctly  interpret  nature's  record. 

In  further  support  of  this  inversion  of  the  facts,  the  statement  is 
made  that  the  foreshore  on  the  northerly  side  of  the  jetty  shows  a 
loss  or  scour  of  1,270,000  cubic  yards  since  1895,  ^^^  ^^^^  there  is 
no  indication  of  this  material  having  moved  seaward,  nor  has  it  gone 
through  the  opening  between  the  breakwater  and  the  shore  into  the 
harbor,  and  as  it  would  be  inconsistent  for  the  argument  to  have  it 
travel  southward,  he  adds : 

'*  Of  course  this  sand  cannot  have  gone  to  the  south  over  the 
breakwater,  otherwise  there  certainly  would  have  been  a  fill  close 
behind  the  latter,"  so  it  must  have  gone  north,  and  the  assumption 
is  thus  established. 

Unfortunately  for  this  argument  the  original  compact  material 
in  place  "close  behind  the  breakwater"  has  been  scoured  out  by  the 
natural  currents  even  to  a  depth  of  over  twenty  feet  and  close  to  the 
breakwater,  as  the  author  admits,  consequently  any  loose  band 
carried  over  the  breakwater  would,  d  fortiori^  be  much  less  apt 
to  be  lodged  in  these  currents  and  would  be  at  once  carried  out 
and  around  the  sandy  spur  to  the  southward,  as  has  happened 
and  as  is  quite  evident  from  the  comparative  charts ;  so  that  the 
statement  by  the  writer  is  true  that  not  only  has  this  incomplete 
breakwater  removed  about  600,000  cubic  yards  in  place,  but  has 
prevented  the  deposition  of  a  much  larger  amount  drifting  in  from 
the  north  through  the  gaps  and  over  the  unfinished  portions  of  the 
structure.  This  action  is  so  manifest  as  scarcely  to  require  so  long 
an  explanation,  but  for  the  misconstruction  which  has  been  put  upon 
it.     At  Cumberland  the  drift  moved  over  the  jetty  and  across  the 
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new  channel  in  a  similar  manner  and  passed  on  to  the  southward. 
The  testimony  of  nature  is  worth  far  more  as  to  facts  than  that 
of  interested  and  superficial  observers,  and  yet,  in  view  of  his  own 
admission  that  the  evidence  of  the  northward  movement  *'  is  mostly 
negative,**  the  writer,  to  sustain  his  effort  to  condemn  the  theory  as 
fatally  defective  and  to  demonstrate  an  error  in  location,  must,  per- 
force, invert  the  testimony  of  nature  to  accommodate  a  preconceived 
theory.  (For  the  evidence  see  Doc.  137,  H.  R.,  55th  Cong.,  2d 
Sess.,  Charts  No.  6;  survey  of  1854;  No.  7  of  1868;  No.  8  of 
1 89 1,  etc.)  A  superficial  glance  at  these  will  show  the  prevailing 
direction  of  the  drift  and  the  loss  of  depth  in  the  channel  until  im- 
proved by  the  reaction  breakwater. 

Such  statements  might  be  ignored  were  it  not  that  the  errors  which 
lead  to  them  have  involved  the  country  in  such  large  and  useless 
expenditures  with  injurious  results  to  our  commerce,  and  have  in- 
flicted upon  us  an  enormous  annual  and  avoidable  expense  for  main- 
tenance of  channels  by  dredging,  which  the  author  recommends  be 
done  by  day's  labor  and  with  Government  plants,  thus  destroying 
competition. 

Yet  all  this  expenditure  does  not  seem  to  have  had  even  an  educa- 
tional value  upon  the  author  of  the  report  under  consideration,  who 
recommends  its  continuance. 

Hence  it  is  not  surprising,  after  such  an  ingenious  misconstruc- 
tion of  data  "mostly  negative,'*  and  which  makes  the  littoral 
drift  come  from  the  southwest  or  in  a  direction  opposed  to  that  of 
the  drift  of  the  inlet  for  at  least  fifty  years,  that  the  author  reaches 
these  erroneous 

"Conclusions." 

"  ist.  The  theory  of  the  reaction  breakwater  is  fatally  defective 
in  the  following  particulars,  viz.: 

(a)  It  provides  for  no  force  or  resistance  to  hold  the  currents 
against  the  breakwater.  Such  provision  would  usually  mean  a  second 
jetty. 

(d)  Should  it  increase  the  depth,  such  increase  is  limited  and 
beyond  that  an  undue  amount  of  dredging  would  probably  be 
necessary. 

(c)  If  successful  in  deepening  the  channel,  it  would  probably 
move  the  bar  seaward  and  the  seaward  extension  of  the  works 
appear  impracticable. 
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{d)  It  makes  no  provision  against  the  channel  being  driven  too 
close  to  the  breakwater  for  the  safety  of  itself  or  shipping,  by  sand 
coming  from  the  opposite  direction  or  by  the  current  being 
directed  against  the  jetty  in  accord  with  the  theory. 

That  these  opinions  are  hypercritical  will  be  seen  from  their  con- 
tradictory character,  for  in  {a)  it  is  said  there  is  no  provision  to 
hold  the  current  against  the  breakwater,  while  in  (//)  it  is  said  that 
the  channel  may  be  driven  too  close  by  sand  from  the  opposite 
direction.  In  {b)  the  objection  is  made  that  should  an  increase  of 
depth  result,  such  increase  would  involve  an  undue  amount  of 
dredging ;  or  in  short,  although  the  currents  scour  out  a  natural 
channel,  defended  from  the  resultant  sand  movements  by  the  break- 
water, there  would  still  remain  a  larger  than  before  volume  to  be 
removed  by  dredging,  {c)  The  result  of  any  deepening  might 
extend  the  bar  seaward  and  the  breakwater  could  not  be  extended. 

Any  material  carried  to  the  outer  slope  would  be  ejected  in 
deeper  water  where  the  littoral  current  and  wave  action  at  head  of 
breakwater  would  prevent  its  deposition,  as  the  incomplete  results 
have  shown,  and,  if  necessary,  a  considerable  extension  of  the 
works  seaward  is  quite  possible  without  injury  to  navigation.  The 
facts,  however,  at  Aransas,  as  previously  stated,  are  so  confirmatory 
of  the  theory  that  they  have  been  recognized  by  impartial  juries  at 
the  Paris  Exposition  and  the  National  Export  Exposition  as  worthy 
of  their  highest  awards,  while  the  American  Philosophical  Society 
and  the  Franklin  Institute,  after  thorough  and  extended  investiga- 
tions, have  also  granted  their  highest  honors  to  the  inventor. 

In  view  of  these  findings  of  experts,  it  is  somewhat  confusing  to 
read  further  in  the  official  report  of  the  officer  in  charge  of  the 
work  at  Brunswick : 

*'  The  only  apparent  example  of  such  construction  that  has  been 
tried  is  at  Aransas  Pass,  and  that  is  no  test  of  the  theory  at  all,  as 
the  breakwater  is  not  located  according  to  the  theory,  and  the 
beneficial  results  produced  are  not  the  result  of  the  reaction  break- 
water as  such  but  by  incomplete  twin  jetties.**  If  such  be  the  case, 
then  the  maritime  engineers  and  societies  who  have  recognized  the 
merits  and  results  of  the  incomplete  work  at  this  place  must  have 
stultified  themselves,  and  it  remains  for  the  author  of  the  report  to 
cite  a  single  instance  where  similar  results  have  been  secured  by 
**  incomplete  (or  even  complete)  twin  jetties**  in  the  same  time  or 
for  the  same  cost. 
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As  the  depth  entirely  across  the  bar  has  been  increased  from  six 
to  over  fifteen  feet  at  a  cost  of  about  130,000  per  foot,  with  a  large 
area  having  depths  exceeding  twenty  feet,  it  remains  a  fact  that 
there  is  no  record  known  to  the  writer  exhibiting  equal  efficiency 
and  economy. 

Yet  the  report  illogically  concludes  from  these  erroneous  pre- 
mises and  misconstructions :  "  For  these  reasons,  a  single  reaction 
breakwater  is  not  recommended  for  the  improvement  of  Brunswick 
bar." 

How  groundless  **  these  reasons'*  are  will  no  doubt  appear  from 
the  previous  analysis,  but  the  primum  mobile  for  the  failure  to  re- 
commend it  may  be  better  understood  by  stating  that  for  some 
fourteen  years  the  attention  of  the  Government  has  been  invited 
to  this  improvement  through  its  engineer  officers.  As  long  ago  as 
the  1 6th  of  March,  1888,  a  Board  reported  to  the  Chief  of  Engi- 
neers the  following  conclusion : 

**  The  views  are  purely  theoretical,  are  unconfirmed  by  experi- 
ence, and  contain  nothing  not  already  well  known  which  has  a 
useful  application  in  the  improvement  of  our  harbors.'* 

The  Board,  however,  cited  no  precedents,  although  requested  to 
do  so,  and  all  applications  for  permission  to  make  a  demonstra- 
tion remained  unanswered. 

Again,  in  1890,  the  officer  in  charge  of  the  jetties  at  Cumberland 
Sound,  after  mature  study,  submitted  on  his  own  responsibility  a 
plan  involving  the  use  of  a  single,  curved,  reaction  breakwater, 
properly  located  on  the  windward  side  of  the  channel,  at  an  esti- 
mated saving  of  ^1,108,004,  of  which  ^125,000  was  for  the  removal 
of  part  of  the  south  jetty,  which  he  reported  as  being  *'  improperly 
located."  On  March  11,  189 1,  a  Board  of  Engineers,  composed 
with  one  exception  of  the  same  officers  who  had  made  the  original 
adverse  report,  stated  as  follows : 

**  The  Board  does  not  think  that  a  single  jetty  on  the  north  side 
of  the  channel,  curving  gently  to  the  south,  would  secure  the  deep 
water  needed,  but  is  of  the  opinion  that  two  jetties  will  be  needed. 
....  The  opinion  that  such  a  curved  channel  conforms  to  the 
natural  requirements  of  the  site  and  opposes  the  action  of  the  nat- 
ural forces  less  than  any  other,  is  believed  to  be  fallacious." 

In  consequence,  work  on  the  two  jetties  was  continued  with  the 
disastrous  results  already  stated. 

Again,  after  all  former  attempts  to  deepen  the  channel  at  Aransas 
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Pass  hadjfailed,  and  the  reaction  breakwater  was  partially  built  with 
the  results  given,  the  private  funds  became  exhausted  and  the  Gov- 
ernment was  asked  to  appraise  the  value  of  the  work  done,  take  over 
the  breakwater  and  continue  it  immediately.  A  Board  of  Engi- 
neers reported  in  1897,  just  after  the  obstructing  old  Government 
jetty  had  been  breached,  that : 

**  There  does  not  seem  to  be  any  probability  that  the  jetty  as  now 
conrtructed  will  of  itself  secure  and  maintain  any  considerable 
increase  of  depths  in  a  navigable  channel  of  proper  width.  The 
Board  is  of  the  opinion  that  the  value  to  the  Government  of  the 
works  for  the  improvement  of  Aransas  Pass  is  nothing." 

The  depth  was  then  nine  and  a  quarter  feet.  It  is  now  fifteen 
feet,  and  as  yet  no  work  has  been  done,  although  Congress  made 
an  appropriation  more  than  two  years  ago  of  |6o,ooo  to  remove  the 
remains  of  the  old  jetty  built  across  the  channel  and  on  its  leeward 
side.  This  is  now  buried,  as  previously  stated,  by  the  action  of  the 
breakwater  under  the  bottom  of  the  channel,  and  is  a  barrier  to  its 
further  deepening. 

Finally  comes  this  Report  on  the  Brunswick  Bar,  which  con- 
demns the  theory  as  well  as  its  application  as  being  erroneous  even 
in  the  face  of  the  indisputable  evidence  of  nature. 

These  statements  are  made  to  illustrate  the  operation  of  the  law 
of  conservatism  which  ever  attends  the  path  of  progress  to  retard 
her  too  rapid  strides.  Its  consideration  would  divert  this  analy- 
sis of  physical  fallacies,  facts  and  ^forces  to  the  [domain  of  meta- 
physics and  is  therefore  not  pursued  further. 

4.  Twin  Jetties. 

This  is  the  method  most  generally  used  in  efforts  to  create  chan- 
nels and  the  record  of  their  experience  is  quite  suggestive.  At  the 
mouths  of  large  sedimentary  rivers,  emptying  into  nearly  tideless 
seas,  they  have  been  reasonably  successful,  but  for  tidal  inlets  their 
utility  is  very  limited.  The  report  says:  **  Apparently  the  only 
examples  of  high  tide  jetties  in  the  United  States  are  at  Sabine 
Pass,  Galveston,  and  Yakina  Bay,  Oregon." 

This  statement  suggests  the  necessity  for  greater  research  on  the 
part  of  the  author,  since  the  well-known  jetties  at  South  Pass  were 
built  above  high  water,  as  are  also  those  at  Newburyport,  Mass.; 
New  Haven,  Conn.;  Manasquan,  N.  J.;  Brazos  River,  Tex.,  and 
at  other  points,  while  both  jetties  at  Yakina  were  originally  de- 
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signed  to  rise  only  to  half-tide,  but  both  were  subsequently  raised 
above  high  water  to  make  them,  if  possible,  effective.  It  is  not  the 
purpose  of  this  paper  to  review  the  results  of  works  of  this  class,  but 
their  sequel  shows  that  they  have  not  fulfilled  the  expectations  of 
their  designers  and  that  they  have  not  arrested  the  advance  of  the  bar 
seaward  nor  have  they  given  the  anticipated  depths,  with  the  excep- 
tion of  South  Pass.  This,  however,  has  caused  a  rapid  shoaling  in 
the  entire  channel  above  the  jetties  in  consequence  of  over-contrac- 
tion, and  necessitates  the  maintenance  of  the  depths  by  dredging  for 
a  distance  of  many  miles  because  of  the  elevation  of  the  flood  plane 
and  bed  of  the  stream  by  sedimentation. 

Hence  the  necessity  for  an  early  removal  of  the  bar  at  the  South- 
west Pass. 

But  to  return  to  the  discussion.  The  author  suggests  that  to 
arrest  sand  movements  entirely,  high  tide  jetties  are  requisite,  and 
cites  those  at  Yakina  Bay  as  a  type,  as  having  **  increased  the  depth 
from  seven  to  fifteen  feet  at  mean  low  water,  and,  so  far  as  the 
records  show,  without  as  yet  producing  any  new  bar  seaward  of  the 
jetties.*'  It  may  suffice  to  state,  on  the  contrary,  that  while  the 
original  depths  at  low  water  were  seven  to  nine  feet,  the  latest 
annual  report  of  the  Chief  of  Engineers  for  1900  says  on  p.  4298  r 
**  There  is  at  present,  about  one-half  mile  from  the  end  of  the 
jetties,  a  crescent -shaped  bar  almost  enclosing  the  entrance  and 
having  from  eight  to  twelve  feet  of  water  over  it  at  low  water. 
Around  the  south  end  of  this  shoal  there  is  a  channel  having  a 
least  depth  of  thirteen  feet  ^  at  low  tide.  This  bar  has  apparently 
shoaled  somewhat  since  the  survey  of  1895.*'  The  report  of  1887, 
when  only  a  portion  of  the  south  jetty  was  built,  also  shows  a  low 
tide  channel  of  thirteen  feet,  and  the  officer  then  in  charge  calls 
attention  to  the  movement  of  the  bar  seaward  toward  a  reef  of 
rocks. 

These  official  statements  would  appear  to  discredit  the  asser- 
tions of  the  author  as  to  an  increase  of  depths  to  fifteen  feet 
and  no  advance  of  the  bar  seaward. 

In  commenting  further  upon  twin  jetties,  the  author  remarks : 
'*  Jetties  built  to  a  height  sufficient  to  stop  the  sand  flow  from  both 
sides  and  also  high  enough  to  control  the  tidal  flow  should  be  ex- 
pected to  reproduce  at  the  bar  the  depths  at  the  gorge."  Experi- 
ence does  not  seem  to  confirm  this  expectation,  since  nature  fur- 

*  The  chart  shows  but  ten  feet.    This  may  be  an  error,  however. 
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nishes  no  illustration  of  a  deep  pocket  at  both  ends  of  a  contracted 
pass,  whether  natural  or  artificial.  High  tide  jetties,  unfortunately, 
greatly  obstruct  the  ingress  of  the  tides  and  hence  reduce  the  vol- 
ume available  for  ebb  scour,  and  it  was  to  meet  this  condition  that 
the  reaction  breakwater  was,  in  patt,  designed  with  such  marked 
results. 

The  former  method  proposed  for  overcoming  this  objection  was, 
as  the  author  states,  to  increase  the  width  between  the  jetties  on 
the  bar  and  to  build  them  only  to  near  low-water  mark,  but,  as  he 
adds,  the  scouring  effect  has  not  produced  depths  great  enough  for 
navigation — ^although  "dredged  channels  can  be  maintained  at 
comparatively  moderate  cost,"  as  at  Charleston,  which  is  cited  as 
"a  good  example.*' 

Here,  again,  it  would  seem  that  the  reference  is  unfortunate,  in- 
asmuch as  the  Government  dredge  was  unable  to  maintain  the  chan- 
nel on  the  ranges,  and  a  new  and  more  powerful  machine  is  build- 
ing, while  the  bar  has  reformed  three-quarters  of  a  mile  beyond  the 
jetties,  and  the  outer  twenty-six-foot  contour  is  1.5  miles  to  sea- 
ward of  them.  The  jetties  were  reported  completed  several  years 
since,  at  a  cost  of  about  |4,ooo,ooo,  but  they  have  failed  to  hold  the 
bar,  which  has  eluded  them  and  gone  to  sea,  where  dredging  is 
now  required  in  open  water.  The  author  recognizes  this  feature 
in  his  report,  wherein  he  says : 

**  The  Charleston  jetties  have  been  left  low  near  the  shore  for  the 
double  purpose  of  economy  in  construction  and  to  freely  admit  the 
flood  tide  to  avoid  reduction  in  the  tidal  prism.  It  is  not  unrea- 
sonable to  believe  that  the  quantity  of  dredging  necessary  and  the 
quantity  of  sand  that  have  been  scoured  seaward  has  been  mate- 
rially increased  by  sands  driven  over  the  low  portion  of  the  north 
jetty  by  the  northeast  storms.  Such  sand  may  be  expected  to  be 
driven  into  the  channel,  usually  over  both  jetties,  if  they  are  left 
low,  even  though  the  predominance  of  ^sand  movement  is  in  one 
direction." 

This  statement  is  undoubtedly  correct  and  clearly  recognizes  one 
of  the  defects  of  twin  jetties,  submerged  at  their  shore  ends,  and 
yet  one  of  the  officers  recently  in  charge  of  that  work  stated 
officially : 

*'I  have  been  out  on  that  bar  for  thirteen  years,  day  in  and  day 

out I  know  that  on  top  of  those  rocks  there  never  was  sandf 

.  .  .  .  I  have  never  found  it  there."  His  contention  being  that  it 
did  not  travel  over  the  submerged  ends  of  the  jetties. 
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The  value  of  this  kind  of  evidence  may  be  appreciated  when  it 
is  remembered  that  the  rock  composing  the  inner  end  of  the  jetties 
is  submerged  and  subject  to  the  action  of  the  breakers,  so  that  no 
sand  can  lodge  upon  it  as  it  is  driven  over.  The  history  of  the 
Charleston  operations,  covering  more  than  twenty  years,  is  too  ex- 
tensive to  be  further  considered  in  this  connection,  but  it  has  suf- 
ficed to  cause  the  abandonment  elsewhere  of  the  submerged  jetty 
theories  of  1879. 

5.  Dredging. 

Having  reviewed  the  several  methods  of  securing  depths  by  aux- 
iliary structures  and  by  dynamite,  the  author  concludes  that : 

*'  All  things  considered,  in  the  present  state  of  the  science  of  bar 
improvement,  dredging  appears  to  be  by  all  means  the  most  eco- 
nomical and  satisfactory  method  for  such  work  at  this  place,"  be- 
cause, as  he  adds,  '*  the  partial  improvement  of  Brunswick  bar  by 
dredging,  while  it  has  been  very  expensive  as  to  the  rate  per  cubic 
yard,  has  been  quite  successful  as  to  the  permanence  of  the  improve- 
ment." 

The  permanence  of  the  channel  is  here  attributed  to  dredging, 
and  the  effects  of  the  dynamite  are  apparently  ignored. 

Had  a  straight  channel  been  dredged  through  the  bar  at  any 
time,  it  would  soon  have  been  obliterated  ;  but  instead  thereof  the 
integrity  of  the  bar  was  disturbed  by  heavy  charges  of  dynamite, 
while  the  dredge  was  used  as  an  auxiliary  to  hasten  the  formatic^n 
of  the  channel,  which  selected  its  own  locus  on  curved  lines.  An 
inspection  of  the  maps  shows  that  the  thalweg  of  the  channel  follows 
a  reverse  curve,  having  a  trace  similar  to  that  of  the  plan  of  the 
reaction  breakwater  as  designed  for  Aransas  Pass.  It  indicates, 
therefore,  the  general  form  of  the  curve  of  greatest  ebb  energy  in 
open  water,  and  as  such  confirms  the  correctness  of  the  theory  of 
the  reaction  breakwater.  The  fact  that  currents  move  on  curved 
lines  is  generally  ignored  in  dredging  operations  with  prejudicial 
results. 

In  considering  the  methods  to  be  pursued  at  Galveston,  the 
Board  of  1886  reported  :  **  The  methods  are  (i)  by  dredging  alone  ; 
(2)  by  using  tidal  scour  between  jetties, aided,  if  necessary,  by  dredg- 
ing. As  to  the  first  method,  it  has  already  been  tried  unsuccess- 
fully  Thereisnotsufficient  prospect  of  results  commensurate 

with  the  cost  of  dredging  being  obtained  and  maintained  to  justify 
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further  experiment.'*  The  second  method  of  twin  jetties  was  there- 
fore resorted  to,  but  the  tidal  scour  did  not  deepen  the  bar  as  ex- 
pected, since  the  jetties  were  7000  feet  apart.  Hence  a  cut  was 
dredged  along  the  axis  of  the  channel.  It  was  begun  April  11, 
1895,  when  the  depths  were  about  fifteen  feet  on  the  crest  of  the  bar. 
But  it  did  not  remain  straight,  as  the  resultant  drift  soon  swung  the 
channel  to  the  south  on  its  normal  curve,  with  a  radius  of  five 
miles,  and  it  now  crosses  the  line  of  the  south  jetty  produced. 
Many  instances  might  be  cited  of  the  failure  to  secure  channels  in 
the  open  sea  by  dredging,  especially  where  there  is  a  prevailing 
littoral  drift,  but  the  fact  is  so  generally  recognized  that  it  is  not 
necessary  to  extend  this  discussion  further  than  to  add  a  few  words 
as  to  cost. 

It  has  been  officially  certified  that  the  total  cost  of  the  work 
done  by  the  contractor  at  Brunswick  was  {2531646.15  for  a 
gain  in  depth  of  5.6  feet,  giving  145,293.95  per  foot  of  depth 
secured.  The  author,  however,  states  that  dredging  has  been 
done  on  the  Mersey  bar  at  Liverpool  for  two  and  one- third 
cents  per  cubic  yard,  and  says  that  fifteen  cents  is  a  fair  price 
for  this  class  of  work.  He  then  proceeds  to  estimate  the 
quantity  of  material  in  place  which  it  would  have  been  nec- 
essary to  remove  to  secure  the  present  channel,  and  figures  that 
1 25,000  cubic  yards  at  fifteen  cents  would  have  cost  but  {18,750  for 
the  entire  work,  and  that  the  actual  cost  of  {253,646.15  was  there- 
fore excessive.  He  concludes :  **  The  cost  to  the  Government  of  all 
material  removed,  whether  usefully  removed  or  otherwise,  has  been 
{1. 13  a  yard,  more  than  seven  times  the  cost  of  ordinary  dredging." 

If  it  were  only  necessary  to  remove  125,000  yards  to  secure  the 
channel,  the  cost  would  have  been  {2.03  per  yard.  At  {1.13  there 
must  have  been  224,400  yards  taken  out,  but  as  a  matter  of  fact  the 
actual  cube  of  excavation  was  very  much  larger  than  this,  since  the 
enormous  bank  **  which  always  moves  very  positively  in  one  direc- 
tion" was  constantly  supplying  material  to  the  channel. 

The  radical  error  in  this  computation  of  cost  arises  from  regard- 
ing the  volume  of  the  material  as  a  constant  over  a  given  area  of 
the  bar,  and  considering  only  the  net  loss  or  gain  due  to  local 
changes  in  form  of  cross  section.  The  absurdity  of  this  method  is 
seen  from  the  table  on  page  14  of  the  report,  wherein  a  strip 
6370  feet  long  and  of  variable  widths  is  taken  for  an  estimate.     I- 
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400  feet  wide  be  used  there  is  found  to  be  a  net  fill  of  77,000 
cubic  yards ;  for  600  feet  width  the  fill  is  113,000  cubic  yards;  for 
800  feet  it  is  166,000,  and  for  1000  feet  width  it  is  208,000  yards — 
in  every  case  a  fill,  yet  between  the  dates  taken  for  this  comparison 
the  channel  passing  through  this  strip  was  deepened  by  dynamite, 
between  April,  1891,  and  February,  1897,  from  13.3  to  16.6  feet, 
a  gain  in  depth  of  3.3  feet. 

Had  the  contractor  been  paid  for  excavation  by  place  measure- 
ment for  this  area,  therefore,  he  would  have  had  to  go  into 
bankruptcy,  since  over  200,000  yards  more  were  deposited  than 
removed,  and  yet  a  deeper  channel  was  created. 

Moreover  the  dredging  was  not  begun  until  August,  [896,  and 
then  it  was  merely  to  pump  the  material  into  the  current  until  the 
fall  of  1897,  when  bins  were  used  to  carry  it  out  to  sea,  by  which 
time  the  depths  were  increased  nearly  four  feet.  Even  after  this 
dynamite  in  100-pound  charges  continued  to  be  used,  so  that  it  is 
incorrect  to  regard  this  as  a  dredged  channel  when  168,000  pounds 
of  explosives  had  been  used  to  secure  it. 

Furthermore  the  report  states  (p.  17):  **  The  north  shoal  has  cer- 
tainly been  moving  south  for  the  last  forty  years About 

1,500,000  cubic  yards  have  been  added  to  its  southern  face  since 
1891."  .  .  .  .  Also,  **the  north  face  of  the  south  breakers  ....  has 
been  scouring  away  correspondingly  to  the  growth  of  the  north 
shoal  since  1857,  and  quite  rapidly  since  1888  (about  3,000,000 
cubic  yards  and  1000  feet  in  width,  scoured  away  between  1888  or 
1890  and  1897  or  1900).*'  These  admissions  show  large  move- 
ments of  bar  material  and  an  excess  of  about  1,500,000  cubic  yards 
of  scour  during  this  period,  and  in  the  vicinity  of  dynamite  ope- 
rations, yet  it  is  claimed  that  the  deepening  was  "  probably  due 
to  natural  causes." 

It  would  be  a  remarkable  freak  of  nature  that,  with  a  bar  drifting 
from  north  to  south,  there  should  have  been  a  deposit  of  1,500,000 
yards  on  the  one  hand,  and  a  scour  of  3,000,000  yards  on  the  other, 
between  which  a  channel  might  have  been  dredged  by  the  removal  of 
125,000  yards  at  a  cost  of  ^18,750,  which  would  have  been  per- 
manent, or  else  that  "nature"  should  have  concluded  to  reverse 
her  machinery  without  apparent  cause,  and  that,  too,  just  at  the  time 
when  dynamite  was  applied  to  the  deteriorating  bar,  all  for  the 
benefit  of  a  contractor  who  had  previously  undertaken  to  create  a 
channel  by  the  use  of  high  explosives  to  save  the  port  from  ruin. 
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It  may  well  be  asked  why  no  one  had  previously  discovered  that 
a  channel  could  have  been  secured  here  for  the  petty  sum  of 
|i3,75o>  and,  if  so,  why  it  was  not  done  instead  of  estimating  mil- 
lions of  dollars  for  jetties  and  dredging  plants,  or  why  is  not  a  per- 
manent channel  secured  at  other  points  on  our  alluvial  coasts  for 
similar  trifling  expenditures  ? 

The  fact  is  that  this  is  not  a  dredged  channel,  but  one  secured  by 
the  effect  of  violent  explosives  on  the  bar  which  assisted  the  ebb 
currents  to  select  and  create  the  best  path  to  sea,  and  no  credit  is 
given  in  the  account  to  the  large  excess  of  material  which  was 
removed  by  such  explosions.  Any  estimates,  therefore,  based  on 
net  measurements  in  place  are  utterly  unreliable  and  the  resulting 
price  per  unit  is  of  no  value  in  ascertaining  the  cost.  The  only 
reliable  method  is  the  cost  per  foot  of  depth  actually  secured,  and 
on  this  basis  the  work  has  cost  only  about  ten  per  cent,  of  that  else- 
where, with  far  better  and  more  permanent  results.  Hence  dredg- 
ing alone  should  not  be  recommended. 

In  a  science  necessarily  so  empirical  as  this  it  would  seem  that  the 
best  guide  to  results  would  be  to  make  a  careful  diagnosis  of  the 
natural  conditions  and  forces  available,  and  then  utilize  them  to  the 
best  advantage.  This  was  the  plan  pursued  at  Aransas  Pass,  which 
is  conceded  to  be  the  only  instance  of  the  kind  on  record ;  while  the 
author  would  have  it  appear  that  it  is  fatally  defective  and  is 
merely  a  case  of  two  jetties.  But  no  two  jetties,  so  far  as  the 
writer's  researches  have  gone,  can  be  cited  which  have  produced 
like  results  in  practice  with  a  tide  of  but  fourteen  inches,  and  with 
an  obstructing  wall  across  the  bottom  of  the  channel. 

In  conclusion,  it  would  seem  that  of  the  several  methods  proposed 
for  bar  removal  by  the  use  of  single  or  double  jetties  or  by  the  reac- 
tion breakwater,  the  latter,  so  far  as  it  has  been  tested,  fulfills 
belter  than  any  other  the  conflicting  requirements  of  harbor 
entrances,  costs  less  than  half  as  much  and  is  far  cheaper  to  main- 
tain. Had  this  plan  been  adopted  in  1888  it  is  believed,  in  view 
of  subsequent  events,  that  it  would  have  saved  the  Government  not 
less  than  ^25, 000,000  in  the  cost  of  jetty  or  breakwater  construction 
and  at  least  as  much  more  (if  capitalized)  in  the  cost  of  maintenance, 
while  the  indirect  benefits  to  commerce  resulting  from  an  earlier 
opening  of  our  seaports  for  deep  vessels  would  have  exceeded  the 
sum  of  both  of  these  items. 
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The  plan  commends  itself  to  Congress,  but  it  does  not  seem  to 
meet  with  favor  from  some  of  the  junior  officers  of  engineers 
charged  with  the  improvement  of  our  harbors,  as  is  evinced  by  the 
report  under  discussion  and  the  experience  of  the  writer  since  the 
plans  were  first  submitted  to  the  Government  for  adoption,  in 
1888. 


Stated  Meeting,  May  17,  1901. 

Vice-President  Barker  in  the  Chair. 

Present,  30  members. 

The  donations  to  the  Library  were  laid  upon  the  table,  and 
thanks  were  ordered  for  them. 

The  decease  of  the  following  members  was  announced  : 

Dr.  Thomas  Conrad  Porter,  of  Easton,  Pa.,  on  April  27, 
1901,  aged  79  years. 

Charles  Swift  Bich6  Hildeburn,  of  Philadelphia,  at  Bo- 
logna, Italy,  on  May  2,  1901. 

Robert  Noxon  Toppan,  at  Cambridge,  Mass.,  on  May  10, 
1901. 

Mr.  J.  G.  Rosengarten  read  a  paper  on  **  Franklin's  Baga- 
telles.'' 

Dr.  R.  W.  Shufeldt  presented  a  monograph  on  *'  The 
Osteology  of  the  Accipitres." 

Mr.  Willcox  made  some  remarks  on  some  recent  specimens 
of  typography  and  the  medium  on  which  they  are  printed, 
which  was  discussed  by  Gen.  Wistar. 

The  Society  proceeded  to  an  election  for  members,  and  the 
tellers  reported  that  the  following  named  candidates  had 
been  chosen : 

Thomas  Willing  Balch,  Philadelphia. 

Hon.  John  B.  McPherson,  Philadelphia. 

Prof.  Dana  C.  Munro,  Philadelphia. 

Prof.  Mazyck  Ravenel,  M.D.,  Philadelphia. 

Prof.  Amos  P.  Brown,  Philadelphia. 
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Dr.  Hays  moved  the  following  preambles  and  resolutions 
which  were  unanimously  adopted  : 

Whereas,  The  American  Philosophical  Society  is  and  always  has 
been  a  Society  of  national  scope,  whose  place  of  meeting  was 
originally  fixed  at  Philadelphia  for  reasons  of  convenience  now  less 
potent  than  formerly;  and 

Whereas,  The  growth  and  wide  extent  of  our  country  and  the 
multiplication  -of  local  societies  tends  to  keep  from  our  regular 
meetings  those  members  who  do  not  reside  within  a  short  distance 
of  Philadelphia;  and 

Whereas y  It  is  desirable  that  measures  be  taken  to  bring  the  dis- 
tant members  into  more  active  participation  in  the  work  of  the 
Society;  therefore,  be  it 

Resolved,  i.  That  a  committee  of  five  be  appointed  by  the 
President  to  consider  the  advisability  and,  if  deemed  advisable,  to 
arrange  for  a  general  meeting  at  a  time  most  convenient  to  all  the 
members; 

2.  That  this  meeting  shall  cover  one  or  more  dajrs  as  may  be 
considered  advisable,  and  it  is  hoped  that  the  high  scientific  char- 
acter and  broad  interest  of  the  papers  to  be  presented  shall  insure 
the  fair  attendance  of  a  good  proportion  of  distant  members; 

3.  That  this  Committee  shall  have  power  to  add  to  its  number 
and  to  make  all  necessary  arrangements  to  fuither  the  success  of 
the  proposed  general  meeting. 

The  meeting  was  adjourned  by  the  presiding  officer. 
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FRANKLIN'S  BAGATELLES. 

BY  J.   G.    ROSENGARTEN. 

{Read  May  17,  1901.) 

The  Philosophical  Society  has  in  its  Library  seventy-six  folio  vol- 
umes of  Franklin's  Papers.  From  these  I  have  had  made  by  Miss 
Harjes,  of  the  Library  staff,  exact  copies  of  some  of  the  very  rare 
Bagatelles,  and  some  of  the  correspondence  referring  to  them. 
The  papers  thus  collected  include  : 

1.  An  unfinished  draught,  in  Franklin's  handwriting,  of  "The 
Deforni*  and  Handsome  Leg"  (Vol.  50,  No.  40). 

2.  "The  Ephemera,"  in  French  (Vol.  50,  No.  39). 

3.  A  letter  to  Mme.  Brillon  from  Franklin  about  his  "Dia- 
logue between  Franklin  and  the  Gout  "  (Vol.  46,  No.  44 — the  vol- 
nme  is  labeled  "Letters  from  Franklin  to  his  Wife — 1755-1774"). 

4.  The  "  Story  of  the  Whistle,"  with  the  English  version  dated 
Passy,  Nov.  16,  1779,  and  the  French  version,  the  former  on  the 
right,  the  latter  on  the  left  side  of  the  pages,  and  both  with  many 
corrections  (Vol.  45,  No.  149^). 

5.  A  letter  from  Franklin,  in  French,  to  an  unknown  corre- 
spondent, dated  Passy,  April  8,  1784:  "I  send  you  'Advice  to 
those  who  wish  to  go  to  America*  and  *  Remarks  on  the  Politeness 
of  Savages.'  If  you  have  *  The  Handsome  and  Deform'*  Leg'  and 
*  The  Morals  of  Chess,'  with  those  I  now  send  you,  you  have  a 
complete  collection  of  all  my  Bagatelles  printed  at  Passy"  (Vol. 
45,  No.  181). 

6.  "  Dialogue  between  Franklin  and  the  Gout,"  in  French, 
with  numerous  corrections  in  the  text  and  marginal  notes  (Vol.  50, 
No.  36). 

7.  Extracts  from  115  letters  from  Mme.  Brillon  to  Franklin  and 
some  of  his  in  reply  (Vols.  43  and  47),  many  relating  to  the 
French  versions  of  his  Bagatelles,  etc.,  with  a  press  copy  of  his 
letter  to  her  of  November  23,  1784,  and  an  original  of  his  letter  to 
her  undated ;  one  from  her  about  the  surrender  of  Cornwallis, 
who,  she  says,  had  been  Burgoyned  by  the  Americans,  and  his 
answer,  dated  Passy,  December  25,  1781,  both  in  French. 

Her  letters  compliment  him  on  his  capital  French,  and  make  fre- 
quent references  to  his  Bagatelles,  e,  g,  : 

8.  Vol.  43,  No.  77,  and  particularly — 
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9.  Vol.  43,  No.  87 — "Exercise  in  French,  No.  5/*  ** Letter  to 
Mme.  B.  transcrib'*  and  corrected  by  her,"  in  Franklin's  hand- 
writing, and  her  comments,  No.  98. 

10.  Vol.  43,  No.  116 — "Plaidoyer  pour  Mme.  BrlUon  contre 
M.  Benjamin  Franklin.** 

11.  Vol.  45,  No.  180 — Franklin's  letter  in  French  to  Mme. 
Brillon. 

12.  Vol.  22,  No.  8 — Miss  Shipley*s  acknowledgment,  dated 
May  6,  1 781,  of  a  copy  of  **  The  Dialogue  between  F.  and;  the 
Gout.** 

13.  Vol.  32,  No.  51 — Carmichael's  letter,  Madrid,  July  9,  1784, 
saying  thatF.'s  **  little  works"  will  soon  appear  in  a  Spanish -dress, 
followed  by  a  letter — 

14.  Vol  32,  No.  63— from  Count  Campomanes,  dated  Madrid, 
July  26,  '84,  thanking  F.  for  the  gift  received  through  Carmichael. 

15.  Temple  Franklin's  Letters  to  his  Father  (Vol.  32,  Nos.  95 
and  133). 

16.  Vol.  34,  No.  167 — Miss  Shipley,  November  13,  1784,  with 
thanks  for  "The  Art  of  Procuring  Pleasant  Dreams,"  and  asking 
" where  F.  read  that  Methusalah  slept  in  the  open  air?  I  have 
searched  the  Bible  in  vain  to  find  it." 

17.  Vol.  44,  No.  12 — "The  Intended  Speech  for  the  Opening 
of  the  first  session  of  the  present  Parliament,  viz.,  Nov.  29,  1774," 
endorsed  "D.  Hartley,  Oct.  3,  *86." 

iS.  Vaughan's  letter  of  April  28,  1778  (Vol.  9,  No.  93) — Let- 
ters to  Franklin,  April-May,  1778. 

In  adding  Vaughan's  letter  of  April  28,  '78,  I  cail  attention 
to  the  value  and  importance  of  his  correspondence  ;  he  and  Hart- 
ley were  among  Franklin's  English  friends,  who  through  all  the 
period  of  the  Revolution  kept  him  well  informed  as  to  the  trend 
of  parties  and  public  opinion  in  England.  Authentic  reports  of 
Chatham's  famous  last  speech  are  very  rare,  and  a  Calendar  of  the 
Franklin  Papers  would  enable  historical  students  to  refer  to  them 
for  much  valuable  information.  The  printing  of  these  papers  by 
this  Society  will,  I  am  sure,  invite  attention  to  the  large  amount  of 
valuable  material  now  practically  hidden  away  in  this  collection, 
needing  only  a  Calendar  to  make  it  available  and  useful  to  students. 
It  may  be  said  that  the  Department  of  State  has  never  yet  printed 
any  Calendar  of  the  Collection  of  Franklin  Papers  bought  by  the 
Government  of  the  United   States  from   Stevens.     It   is  roughly 
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estimated  that  they  are  in  bulk  about  one-fourth,  those  in  the 
collection  of  the  Philosophical  Society — about  three-fourths  of  all 
the  papers  left  by  Franklin.  The  Government  collection  is  largely 
made  up  of  State  Papers  used  by  Temple  Franklin  in  his  publica- 
tion of  his  grandfather's  works ;  those  here  are  largely  personal 
papers,  many  of  them  perhaps  thought  by  Temple  Franklin  not 
worthy  of  printing,  yet  in  them  there  is  that  personal  note  which 
gives  us  Franklin  as  he  was  in  the  palmy  days  at  Paris,  where  he 
filled  so  large  a  place  in  the  public  eye. 

The  deformed  and  handsome  Leg.^ 

There  are  two  Sorts  of  People  in  the  World,  who  with  equal  Degrees 
of  Health,  &  Wealth,  and  the  other  Comforts  of  Life  [are]  become,  the 
one  happy,  and  the  other  [Unhappy]  miserable. — ^This  arises  very  much 
[solely]  from  [In  almost  ever]  the  different  views  in  which  they  con- 
sider Things,  Persons  &  Events;  and  the  Effect  of  those  different  Views 
upon  their  own  Minds. 

In  whatever  Situation  [a]  M^n  can  be  plac'd,  they  [will]  way  find  Con- 
veniences &  Inconveniencies  :  In  whatever  Company  ;  they  [will]  may 
find  Persons  &  Conversations  more  or  less  pleasing.  At  whatever  Table, 
they  [will  find]  may  meet  with  Meats  &*  drinks  of  better  and  worse  Taste, 
[things]  Dishes  better  &  worse  dress'd :  In  whatever  Climate  they  will  find 
good  and  bad  Weather ;  Under  whatever  Government,  they  [will]  may 
find  good  and  bad  Laws,  and  good  and  bad  Administration  of  those 
Laws.  Jn  every  Poem  or  Work  of  Genius  they  may  see  Faults  &*  Beauties: 
In  every  Face  they  may  discover  [Beauties]  ^ne  Features  &.  Defects, 
good  &  bad  Qualities.  Under  these  Circumstances,  the  two  S(  rts 
of  People  [I  have]  above  mention'd  fix  their  Attention,  those  who  are 
to  be  happy,  on  the  [convenient]  Conveniences  of  Things^  the  pleasant 
Parts  of  Conversation,  the  well-dress' d  Dishes,  the  Goodness  of  the 
Wines,  the  [agreeable]  fine  Weather  ;  [the]  &c.  &c.  and  enjoy  all  with 
Chearfulness.  Those  who  are  to  be  unhappy,  think  <S-  speak  only  of 
the  contraries.  Thence  they  are  continually  discontented  themselves, 
and  by  their  Remarks  sour  the  Pleasures  of  Society,  offend  [disgust '^ 
personally  many  people,  and  make  themselves  [where]  every  where  dis- 
agreeable. 

If  this  [different]  Turn  of  Mind  was  founded  in  Nature,  such  unhappy 
[^People"]  Persons  would  be  the  more  to  be  pitied  :  But  as  th[at]tf  Disposi- 
tion to  criticise  &  be  disgusted,  is  perhaps  taken  up  originally  by  Imitation, 
and  is  unawares  grown  into  a  Habit ;  [and]  which  tho*  at  present  strong 
may  nevertheless  be  cured  when  those  who  have  it  are  convinced  of  its 

^  Erasutes  in  the  manuscripts  are  shown  by  being  placed  between  [  ].  Inser- 
tions  are  printed  in  italics. 
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bad  Effects  on  their  [Happiness]  Felicity  ;  I  hope  [a]  this  little  Admo- 
nition may  be  of  Service  to  them, — and  put  them  on  changing  a  Habit, 
which  tho*  in  the  Exercise  is  [merely]  chiefly  an  Act  of  Imagination  yet 
it  has  serious  Consequences  in  Life  :  [To]  as  it  brings  on  real  Griefs  &* 
Misfortunes :  For  as  many  \Jiave  been]  are  offended  by,  &*c,  no  body  well 
loves  this  Sort  of  People,  no  one  shows  them  more  than  the  most  com- 
mon.—  The  Franklin  Papers,   VoL^o, 


AVERTISSEMENT. 

Madame  B.  Est  une  Dame  fort  aimable  et  qui  possede  un  Talent  dis- 
tingue pour  la  Musique ;  Elle  demeure  h  Passy  ou  elle  est  en  Soci6te 
avec  M'.  Franklin,  ilsavoient  dans  I'Ete  de  1778  Ete  passes  ensemble 
une  Journ6e  au  Moulin  Joly  ou  ce  meme  Jour  Voltigeoit  sur  la  Riviere 
un  Essaim  de  ces  petites  Mouches  que  Ton  nomme  Ephemeres  le  que  le 
Peuple  appelle  de  la  Manne.  M'.  Franklin  les  examina  avec  attention 
et  envoya  le  lendemain  a  M'*''.  B.  la  Lettre  dont  voicy  la  Traduction. 


Vous  pouvez,  ma  chere  Amie,  vous  rapellez  que,  lorsque  nous  pas- 
sames  dernierment  cette  heureuse  Journee  dans  les  Jardins  delicieux  et 
la  douce  Soci^te  du  Moulin  Joly,  je  m'arretai  dans  une  des  Promenades 
que  nous  fimeset  que  jelaissaila  Compagnie  la  continuerquelque  temps 
sans  moi. 

On  nous  avoit  montre  un  nombre  infini  de  Cadavres  d'une  Espece 
de  Mouche  que  Ton  nomme  Ephemere  dont  on  nous  dit  que  toutes  les 
generations  successives  etoient  nees  et  mortes  dans  le  meme  Jour.  II 
m'arriva  d'en  remarquer  sur  une  feuille  une  Compagnie  Vivante  qui 
faisoit  la  conversation. 

Vous  savez  que  j  'entends  tous  les  Langages  des  Especes  inf^rieures  a  la 
notre,  ma  trop  grande  application  a  leur  Etude  est  la  meilleur  Excuse 
que  je  puisse  donner  du  peu  de  progres  que  j'ai  fait  dans  votre  Langue 
charmante  ;  La  Curiosity  me  fit  dcouter  les  propos  de  ces  petites  Cr6a- 
tures,  mais  la  Vivacit6  propre  a  leur  Nation  les  faisant  parler  trois  ou 
quatre  a  la  fois,  Je  ne  pus  tirer  presque  rien  de  leurs  discours.  Je  com- 
pris  cependant  par  quelque  Expressions  interrompues  que  je  saisissois 
de  temps  en  temps  qu'ils  disputoient  avec  Chaleur  Sur  le  m^rite  de 
Deux  Musiciens  Etrangers  Tun  Cousin  et  I'autre  un  Bourdon.  lis  pas- 
soient  leur  temps  dans  ces  Debats  avec  I'air  de  Songer  aussi  peu  ^ 
la  brievete  de  la  Vie  que  S'ils  en  avoient  ^t6  assures  pour  un  mois.  Heu- 
reux  Peuple  me  dis-je,  vous  vivez  certainement  sous  un  Gouvernement 
Sage  Equitable  et  modere,  puisqu'aucun  grief  publie  n'excite  vo^ 
plaintes  et  que  vous  n'avez  de  Sujet  de  Contestation  que  la  perfection 
ou  I'imperfection  d'une  Musique  Etrangere. 

Je  les  quittai  pour  me  tourner  vers  un  Vieillard  a  Cheveux  Blancs  qu 
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Seul  Sur  une  autre  feuille  Se  parloit  ilui  meme.  Son  Soliloque  m'amusa, 
Je  I'ai  6cnt  dans  I'Esp^rance  qu'il  amusera  de  meme  celle  a  qui  je  dois 
le  plus  Sensible  des  plaisirs,  Celui  des  Charmes  de  Sa  Soci^t^  et  de 
I'harmonie  celeste  des  Sons  qui  naissent  Sous  Sa  main. 

"  C'etoit  disoit-je  Topinion  des  Savans  philosophes  de  notre  Race 
"  qui  ont  v6cu  et  fleuri  longtems  avant  le  present  age,  que  ce  Vaste 
*•  monde  (le  Moulin  Joly)  ne  pouroit  pas  lui  meme  Subsister  plus  de  Dix 
'•  huit  heures,  et  je  pense  que  cette  opinion  n'etoit  pas  Sans  fondement, 
**  puisque  par  le  mouvement  apparent  du  grand  Luminaire  qui  donne  la 
**  Vie  a  toute  la  nature  et  qui  de  mon  tems  a  d'une  maniere  Sensible 
••  considerablement  decline  vers  I'ocean^  qui  borne  cette  Terre,  II  faut  qu'il 
"  termine  Son  Cours  a  cette  Epoque,  S'eteigne  dans  les  Eaux  qui  nous 
"  Environnent  Et  livre  le  monde  a  des  glaces  et  des  T^ncbres  qui 
"  ameneront  necessairement  une  morte  et  une  destruction  universelle, 
••  J'ai  vecu  Sept  heures  dans  ces  dix  huit ;  C'est  un  grand  age,  ce  n'est 
••  moins  de  420  Minutes,  Combien  peu  d'entre  nous  parviennent  aussi 
'•  loin  ?  J'ai  vu  des  generations  naitre,  fleurir  et  disparoitre.  Mes  amis 
*'  presents  sont  les  Enfants  et  les  petits  Enfants  des  amis  de  majeunesse 
"  qui  helas !  ne  Sont  plus,  Et  je  dois  bientot  les  Suivre,  car  par  le 
"  Cours  ordinaire  de  la  Nature  je  ne  puis  m'attendre  qu'oiqu'en  bonne 
"  Santc  a  vivre  Encore  plus  de  7.  a  8.  minutes  :  que  me  Servent  a  pre- 
•'  sent  tous  mes  travaux,  toutes  mes  fatigues  pour  faireSur  cette  feuille 
"  une  provision  de  miell^e  que  je  ne  puis  vivre  assez  pour  consommer  ? 
'•  que  me  Servent  les  Ddbats  politiques  dans  lesquels  je  me  suis  Engage 
"  pour  I'avantage  de  mes  Compatriotes  habitans  de  ce  Buisson,  ou  mes 
•*  Recherches  philosophiques  consacr6es  au  bien  de  notre  Espece  En 
"  general  ?  En  politique  que  peuvent  les  Lois  Sans  les  Moeurs,*  Le 
'*  cours  des  Minutes  rendra  la  generation  presente  des  Ephemeres 
"aussi  corrompue  que  celle  des  autres  Buissons  plus  anciens  Et  par 
"  consequence  aussi  malheureuse,  Et  en  Philosophie  que  nos  progres 
'*  sont  lents  ?  helas  L'art  est  long  Et  la  Vie  Est  courte*  mes  amis  vou- 
"  droient  me  consoler  par  I'idee  d'un  nom  qu'ils  disent  que  je  laisserai 
"apres  moi,  lis  disent  que  j'ai  assez  vecu  pour  ma  gloire  Et  pour  la  na- 
**  ture  ;  mais  que  Sert  la  renommce  pour  un  Ephemere  qui  n'existe  plus  ? 
"  Et  I'histoire  que  deviendra-t-elle  lorsqu'a  la  i8'.  heure.  le  monde  lui 
"  meme,  le  Moulin  Joly  tout  entier.  Sera  arrive  a  Sa  fin  pour  n'etre 
'•  plus  qu'un  amas  de  Ruines  ? 

•*  Pour  moi  apres  tant  de  Recherches  actives,  il  ne  reste  de  bien  reel 
"  que  la  Satisfation  d'avoir  passe  ma  Vie  dans  I'intention  d'etre  utile, 
"  la  Conversation  aimable  d'un  petit  nombre  de  bonnes  Dames  Ephe- 
"  meres  Et  de  temps  en  temps  le  doux  Sourire  Et  quelques  accords  de  la 
"  toujours  amiable  Brillante. —  TA^  Franklin  Papers,  Vol,  ^o,  No,  jga, 

^La  Riviere  de  Seine. 

'  Quid  leges  sine  moribus  ?    hor. 

*  Hipocrate. 
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Passy,  Nov.  i6,  1779. 

J  [e  recus]  *ai  Recu  les  deux  Lettres  de  ma  chere  Amie,  Tune  [pour] 
pour  U  Mercredi,  I'autre  [pour]  pour  le  Sam[m]edi ;  c'est  aujourd'hui 
encore  Mercredi.  [Mais]  Je  ne  merite  pas  [d'avoir  une  pour  ce  jour], 
\jfen\  (Ten  avoir  encore,  parceque  je  n'ai  pas  fait  reponse  aux  [autres] 
precedentes.  Mais  tout  indolent,  [comme]  que  je  suis,  [&  averse]  et 
quelque  aversion  que  faye  k  ecrire,  la  Crainte  de  n'avoir  [pas]  plus 
de  V09  charmantes  Epitres.  si  je  ne  contnbue  [pas]  aussi  ma  part 
pour  soutenir  la  Correspondance  [m'oblige]  me  force  de  prendre 
[ma]  la  plume.  Et  comme  M.  Brillon  [a]  nCa  mandi  si  obligeamment 
qu'il  part  demain  Matin  pour  vous  voir  moi,  au  lieu  de  passer  Qe]  ce 
Mercredi[s]  au  soir,  comme  j'ai  fait  si  long  tems  de  ses  predecesseurs 
du  meme  nom,  en  votre  [delicieuse  Compagnie]  douce  Soci^te,  Je  me 
[mis  a]  [retira  dans  ma"]  suis  wis  d  mon  ecritoire  pour  le  passer  [en]  d 
pens[ant]^  [de]  d  vous,  [en  ecrivant  ^  vous],  et  d  vous  ecrire  &  [en 
lisant]  d  lire  &  reli[sant]re  ce  que  vous  m*avez  [ecrit  a  moi]  \si  elegam- 
ment'\  si  delicieusement  6crit. 

Je  suischarme  de  votre  Definition  du  Paradis,  &  de  [votre]  vos  Plans 
pour  y  vivre.  J'approve  aussi  tris  fortement  la  Conclusion  que  vous 
faites,  qu'en  attendant  il  faut  tirer  de  ce  has  monde  tout  le  bien  qu*on 
en  peut  tirer.  A  mon  Avis,  [nous  c'est  bien]  il  est  tris  possible  pour 
nous  d'en  tirer  beaucoup  plus  de  bien  que  nous  n'en  [tirons]  tirons  & 
d'en  souffrir  moins  de  mal,  si  nous  [voulussions]  voulions  sculement 
prendre  garde  de  ne  donner  pas  trop  pour  nos  slpu^fflets.  Car  il  me 
semble,  que  la  plus-part  des  Malheureux  qu'on  trouve  dans  le  monde 
sont  devcnus  tels  par  leur  Negli[ss]^t'«^^  d^  cette  Caution. 

Vous  demandez  ce  que  je  veux  dire  ?  Vous  aimez  les  [Contes]  /^j- 
toires  &  vous  m'excuse[rai]r^^  si  je  vous  en  donne  une  qui  me  [re  qui"] 
regarde  [de]  moi  meme.  Quand  J'etois  un  Enfant  de  5  <?«  d  ans,  mes 
Amis,  [sur]  un  Jour  de  Fete,  remplirent  ma  petite  Poche  de  [0000]  sous, 
[J'Iroit]  J'allai[t]  tout  de  suite  a  une  Boutique  ou  on  vendoit  des  Ba- 
bioles,  [&]  mais  6tant  charm6  du  [la]  Son  d'un  Sifflet  queje  rencontrois 
en  chemin  dans  le  mains  d'un  autre  petit  ^arcon  je  /«/ volontiers  of- 
frLoit]  ais  &  donnai  volontiers  pour  cela  tout  mon  Argent.  [Quand  je  ret] 
Revenu  chez  moi,  sifflant  par  toute  la  Maison  fort  [satisfait]  content  de 
mon  Achat  mais  fatiguant  les  Oreilles  de  toute  la  Famille,  mes  Fr^res,  mes 
Sceurs,  mes  Cousines,  entendant  [combien  j'ai  donne]  que  j'avois  tant 
\tant'\  donn6  tons  pour  ce  mauvais  Bruit,  [tous  ils]  me  dirent  que 
c'^toit  dix  fois  plus  que  la  Valeur ;  [&  ils]  alors  ils  me  [fasoit]^r^«/  penser 
[du]  au  Nombre  deLs]  bonnes  choses,  que  je  pouvois  acheter  avec  le 
reste  [du]  de  ma  Monnoye  si  favois  Ite  plus  \sagt\  prudent  &  ils  me 
ridiculi[ssent]^r6-«/ tant  de  ma  Foli£,  que  je  pleuroi[t]i  de  cette  vexz.- 
tion ;  &  la  Reflexion  me  donnoit  plus  de  Chagrin,  que  le  sifflet  [peut 
me  donner]  d[u]tf  plaisir. 
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Passy,  Nov.  i6,  1779. 

I  received  my  dear  Friend's  two  Letters,  one  for  Wednesday  &  one 
for  Saturday.  This  is  again  Wednesday.  I  do  not  deserve  one  for 
to  day,  because  I  have  not  answered  the  former.  [But  you  will]  But 
indolent  as  I  am,  and  averse  to  Writing,  the  Fear  of  [receiving]  having 
no  more  of  your  [fuer]  pleasing  Epistles,  if  I  do  not  contribute  to  the 
Correspondence,  obliges  me  to  take  up  my  pen.  And  as  M.  Brillon 
has  kindly  sent  me  Word,  that  he  sets  out  to  morrow  to  see  you,  instead 
of  spending  this  Wednesday  evening  as  I  [us'd  to  do  Since  these]  have 
long  done  its  Namesake's,  in  your  delightful  Company,  I  set  down  to 
spend  it  in  thinking  of  you  [and]  in  writing  to  you,  in  reading  aver  and 
over  again  your  Letters, 


I  am  charm'd  with  your  Description  of  Paradise,  &  with  your  Plan  of 
living  there.  And  I  approve  much  of  your  Conclusion,  that  in  the 
mean  time  we  should  draw  all  the  Good  we  can  from  this  World  below. 
— In  my  Opinion  we  might  all  [do]  draw  more  good  from  it  than  we  do 
and  suffer  less  Evil,  if  we  [but  careful  enough]  would  but  take  care  not 
to  give  too  much  for  our  Whistles,  For  to  me  it  seems  that  most  of  the 
unhappy  people  we  meet  with,  are  become  so  by  the  Neglect  of  that 
[Circumstance]  Caution. 

You  ask,  what  I  mean  ? — You  [ask  what  I]  love  Stories,  and  will 
excuse  my  telling  you  [a  little]  one  of  myself.  When  I  was  a  Child  of 
7  Years  old,  my  Friends  [on  a]  on  a  holiday  [fill'd  my]  fiU'd  my  little 
Pocket  with  halfpence.  I  went  directly  to  a  Shop  where  they  sold  Toys 
for  Children  ;  and  being  charm'd  with  the  Sound  of  a  Whistle,  that  I 
met  by  the  way  in  the  hands  of  another  Boy,  I  voluntarily  offer'd  and 
gave  all  my  Money  for  it.  When  I  came  home,  whistling  all  over  the 
House,  much  pleased  with  my  Whistle,  but  disturbing  all  the  Family,  my 
Brothers,  Sisters  &  Cousins  understanding  the  Bargain  I  had  made, 
told  me  I  had  given  four  times  as  much  for  it  as  it  was  worth  ;  put  me 
in  mind  what  Good  things  I  might  have  bought  with  the  rest  of  the 
Money,  and  laught  at  me  so  much  for  my  folly  that  I  cry'd  with  Vex- 
ation ;  and  the  [Ch  Chagrin  I  suffer'd  by  it  was  greater]  Reflection  [on] 
gave  me  more  Chagrin  than  the  Whistle  gave  me  Pleasure. 
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[Co]  Cet  accident  fut  cependant,  [etoit]  dans  la  suite  [ut]  de  quelque 
utilit6  pour  moi,  1' Impression  restant  sur  mon  Ame  ;  [tant  que  quand] 
de  sorte  que  iorsque  y €to'\s  tent6  d'acheter  quelque  chose  qui  ne  m'etoit 
pas  necessaire,  je  disois  [a]  ^«  moimeme :  Ne  donnois  pas  trop  fiour  le 
Sifflet:  Et  j'[ai  sauve]  tpargnois  mon  Argent. 

Devenant  grand  Garcon,  [&]  entrant  [dans]  le  Monde,  &  observant 
les  Actions  des  Hommes,  je  [pensois]  vis  que  je  rencontrois  \uti\  Nom- 
bre  {des  gens'\  de  gens  qui  donnoient  trop  pour  le  Sifflet. 

Quand  j'ai  vu  queiqu'\xn,  qui,  ambitieux  [du]  de  la  Faveur  de  la  Cour, 
[sacrifiant]  consumant  son  tems  en  [Attendance  des]  Assiduites  aux 
[Levees]  Levers,  son  Repos,  sa  Libert^,  sa  Vertu  &  peut-etre  ses  vrais 
Amis,  pour  obtenir  quelque  petite  Distinction  :  J'ai  dit  [a]  en  moim6me, 
Cet  homme  donne  trop  pour  son  Sifflet,  Quand  [j'ai]  fen  ai  vu  une 
autre  [entete]  \J>ersonne'\  avide  [d'obtenir']  de  Popularite  [se  rendre 
populaire]  de  se  rendre  populaire  &  pour  cela  s'occupant  toujours  de 
Contestations  publiques,  negligeant  ses  [propres]  Affaires  particulieres 
&  les  ruinantpar  cette  Negligence,  [II]  \elle'\  il paye,  trop  ai-je  dit,  [/>v^] 
pour  son  Sifflet, — Si  j'ai  connu  un  [Miser]  Avare,  qui  renoncoit  a  toute 
[espece]  maniere  de  vivre  commodement,  a  toute  le  plaisir  de  faire  le  bien 
aux  autres,  a  toute  I'Estime  de  ses  Compatriotes  ;  &  a  tous  les  [joyes] 
charmes  de  TAmiti^,  pour  avoir  un  morceau  de  metal  jaune.  Pauvre 
homme,  [je]  disois-je,  vous  donnez  trop  pour  votre  Sifflet! — Quand  j'ai 
rencontre  [a]  un  homme  de  Plaisir,  sacrifiant  toute  louable  perfectionnc- 
ment  [laudable]  de  son  Ame  [ou  du]  &•  toute  amelioration  de  son  Etat 
aux  [gratifications]  volupte  de  sens[e]  purement  corporel[les]  [&  en  les 
pursuivant]  &  detruisant  sa  Sante  dans  leur  poursuite.  Homme  trompi, 
ai-je  dit,  vous  vous  procurez  des  Peines  au  lieu  des  Plaisirs  ;  vous  payez 
trop  pour  votre  Sifflet  I — Si  [je  voii«]yV«  ai  vu  un  autre,  entete  de  beaux 
Habillements,  belles  Maisons,  belle  Fournitures,  beaux  Equipages,  toutes 
au-dessus  de  sa  Fortune  &  [pour  lesquelles  il  fait  des]  \yoir\  qu^il  ne  se 
procurait  qu'en  faisant  des  Dettes  &  [finit]  en  allant  finir  sa  Carriere 
dans  une  Prison.  Helas,  \dira'\  [dis-je],  ai-je  dit,  II  a  pay^  trop  pour  son 
Sifflet  I — Quand  j'ai  vu  une  tres  belle  fille,  d'un[e]  [disposition]  natu- 
rel[l]  bon[ne]  &  [douce  epouse]  doux  mariee  k  un  homme  feroce  & 
brutal,  qui  la  maltraitecontinuellement[2^^/^-?//7/V]  C est grande  Pitid, 
ai-je  dit,  qu'elle  {a\  ait  tant  pay  t  [tant]  pour  un  Sifflet  I — ^Enfin,  j  'ai  conclu 
que  la  plus  grande  partie  des  Malheurs  de[s]  [Hommes]  1' Espece 
humaine  [ont  sa  derive]  [yio"]  viennent  A^s  Estimations  fausses  qu'on  fait 
de  la  Valeur  des choses  [moyen  de  qu'on]  [ooooooo"]  on  donne[s]  [oooooo'\ 
trop  pour  les  Sifflets. 

Neantmoins  je  dois  avoir  je  sens  que  de  la  Charitc  pour  ces  Gens 
malheureux  quand  je  considdre  qu'avec  toute  cette  Sagesse  dont  je  me 
vante,  il  y  a  certaines  choses  dans  [le]  ce  bas  monde  si  tentantes  ;  par 
exemple,  les  Pommes  du  Roy  Jean,  lesquelles  heureusement  ne  sent  pas 
a  acheter  car  [si  si  ils  sont  pour]  si  elles  etoient  mises  a  I'enchere, 
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This  however  was  afterwards  of  Use  to  me,  [and]  the  Impression  con- 
tinuing on  my  Mind ;  so  that  often  when  I  was  tempted  to  buy  some 
unnecessary  thing,  I  said  to  myself,  Don't  give  too  much  for  the  Whistle, 
and  I  saved  my  Money. 

As  I  grew  up,  [and]  came  into  the  World,  and  observed  the  Actions 
of  Men,  I  thought  I  [saw]  met  with  many  who  gave  too  muc^  for  the 
Whistle,  When  I  saw  [a  man]  one  ambitious  of  Court  Favour,  sacrificing 
his  Time,  in  attendance  at  Levees,  his  Repose,  his  Liberty,  his  Virtu^  aad 
perhaps  his  friend,  to  obtain  it.  [My]  I  have  said  to  myself.  This  Man 
gives  too  much  for  his  Whistle,  When  I  saw  another  fond  of  Popu- 
larity, constantly  employing  himself  in  political  Bustles,  neglecting  his 
own  Affairs,  and  ruining  [himself]  them  by  that  Neglect,  [Here]  He  pays, 
says  I,  too  much  for  his  Whistle.  If  I  knew  a  Miser,  who  gave  up  every 
kind  of  comfortable  Living,  [in  order]  all  the  Pleasure  of  doing  good 
to  others,  all  the  Esteem  of  his  Fellow  Citizens,  &  the  [J]  Joys  of  be- 
nevolent Friendship,  for  the  sake  of  accumulating  Wealth ;  Poor  Man, 
says  \,  you  pay  too  much  for  your  Whistle,  [If  I  saw  a  Prodigal]  When 
I  met  with  a  Man  of  Pleasure,  [giving  up]  sacrificing  every  laud- 
able Improvement  of  his  Mind  or  ^his  Fortune,  to  mere  corporal  Satis- 
factions, &  ruining  his  Health  in  their  Pursuit.  Mistaken  Man,  says  \,you 
are  providing  Pain  for  yourself  instead  of  Pleasure  ;  you  pay  too  much 
for  your  Whistle.  If  I  [see]  [saw"]  see  one  fond  of  Appearance  of  fine 
QXodXYis,  fine  Houses,  fine  Furniture,  fine  Equipages,  all  above  his  For- 
tune, [till]  for  which  he  contracts  Debts,  and  ends  his  Career  [in]  in  a 
Prison.  Alas,  Says  I,  he  has  paid  too  much  for  his  Whistle, — When  I 
saw  a  beautiful  [Girl]  sweet  temper'd  Girl  marr[ying]d  to  an  ugly  ill- 
natur'd  Brute  of  a  Husband  :  [M]  What  a  Pity,  says  I,  that  she  should 
pay  so  much  for  a  Whistle  I — In  short,  I  conceiv'd  that  great  Part  of  the 
Miseries  of  Mankind,  were  brought  upon  them  by  the  false  Estimates 
they  had  made  of  the  Value  of  things,!and  by  ih^xr  giving  too  much  for- 
the  Whistle, 


Yet  I  ought  to  have  Charity  for  these  unhappy  People  when  I  con- 
sider, that  with  all  this  Wisdom  of  which  I  am  boasting,  there  are  cer- 
tain things  in  the  Worid  [ooo]  so  tempting,  for  Example,  the  Apples  of 
King  John,  which  happily  are  not  to  be  bought,  for  if  they  were  to  be  put 
to  sale  by  Auction,  I  might  very  easily  be  [brought]   ^induced]  led  to 
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je  [pcux]  pourrois  ^tre  tr^s  facilement  [men6  ?i\portc  d  me  miner 
par /^i#r  [1]' Achat,  &  trouver  que  [j'avois]/a«rtf/j  encore  une  fois  donni 
trop  \soo'\  pour  le  Sifflet. 

Adieu  ma  tres  chere  Amie,  [&  mo]  croiez  »«<7/toujours  le  votre,  bien 
sincerement,  &  avec  une  Affection  [indiminuable]  inalterable. 

[J*ai  perdu  vos  voisines  &  les  miennes  &  quand  je  pense  [de]  a 
vous,  je  chante  pitoyablement 

J'ai  perdu  mon  Euridice :  ritxi\— The  Franklin  Papers,  VoL  4S,  Ao, 


Je  vous  ai  envoy^,  ma  trds  cher  fille,  par  M'.  le  Ray,  VAvis  d  ceux  qui 
veulent passer  en  Amerique,  que  vous  m'avez  demand6  ;  &  j'ai  joint  ies 
Remarques  surla  Politesse  des  Sauvages.  Avec  ce  Billet,  je  vous  envoye 
plusieurs  autres  petites  choses,  dont  on  a  imprim6  quelques  Exemplaires 
dans  la  Maison,  seulement  pour  nos  Amis.  Je  vous  demande  bien  pardon 
d' avoir  mis  parmis  les  miennes,  une  de  votre  fa9on,  qui  est  certainement 
trop  joli  pour  etre  plac6e  en  telle  compagnie.  [Je  suis]  Si  par  hazard 
vous  n'avez  pas  perdu  la  belle  &•  la  mauvaise  jambe,  &  la  Morale  des 
Echecs,  vous  avez,  avec  celles-ci,  une  Collection  complette  de  loutes 
mes  Bagatelles  qui  ont  et^  imprimces  a  Passy. — Je  suis  bien  fach6  que 
Mad"**  la  Goutte  afflige  notre  cher  Ami.  Vous  s^avez  qu'elle  m*a 
donne  de  bons  Conseils  autrefois,  mais  malheureusement  ayant  trop 
de  foiblesse  pour  en  profiler,  je  ne  puis  mieux  faire,  il  me  semble, 
que  de  les  envoyer  a  notre  Ami.  a  qui  ils  pourront  pcut-etre  etre  utiles. 
Cette  Dame  m'a  donne  tres  souvent  beaucoup  de  Chagrin,  mais  jamais 
autant  qu'a  present  qu'elle  vous  empeche  derevenir  a  Passy. — Je  prierai 
pour  vous  &  pour  notre  pauvre  Malade,  puisque  vous  le  desirez.  Mais 
si  vous  etes  aimcs  de  Dieu  autant  que  je  vous  aime,  mes  Prieres  seront 
inutiles  &  supertius.  Et  tout  Heretique  que  je  suis,  je  ne  doute  pas 
qu'il  aime  des  Catholiques  tels  que  vous. 

a  Passy,  ce  8  Avril  84. —  The  Franklin  Papers,  VoL  43,  No,  tSi. 
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ruin  myself  in  the  Purchase,  and  find  that  I  had  once  more  given  too 
much  for  the  Whistle. 

Adieu,  my  dearest  Friend,  and  believe  me  ever  yours,  very  sincerely 
and  with  unalterable  Affections. 

[I  have  lost  your  Neighbours  also.  And  when  I  think  of  you,  I  sing, 
I   have  lost  my  Euridice,  Oh—] — The  Franklin  Papers,  Vol.  ^j.  No 


Je  vous  renvoye,  ma  tr^s  chere  fiUe,  puisque  vous  voulez  adso/ument 
le  ravoir  le  brouillon  de  votre  jolie  Fable.  [C]  J'avois  la  Pens6c  qu'en 
vous  offrant  une  plus  belle  Edition  [qu*il]  que  vdtre  Ouvrage  meritoit  bien 
je  pouvois  vous  gagner  de  me  permettre  de  retenir  TOriginal ;  le  que  je 
desirois,  parceque  j'aime  tout  [ce]  qui  vient  de  votre  Main.  £t  comme 
mon  Fils  est  aussi  un  de  ^os  Admirateurs,  j*ai  voulu,  par  le  Plaisir  de  le 
lire  lui  payer  [pour]  1  Travail  de  le  bien  copier.  J'ai  fait  une  faute  ;  Je  le 
confesse.  Mais  comme  vous  avez  eu  la  Bont6  de  le  pardonner,  je  ne  le 
repcterai  pas— jusqu*une  autre  Occasion.  Voil^  la  Pratique  de  presque 
tous  les  Pecheurs  ! 

[Votre]  Une  des  Personnages  de  votre  Fable,  viz.  la  Gout,  me  paroit 
raisonner  assez  bien,  [excep]  a  I'Exception  de  sa  supposition  que  [les 
Femmes]  [mon  amour  d]  Maitresses  [sont  en  Partie]  ont  eu  quelque 
part  en  produisant  [ma]  ce  maleureuse  Maladie.  Je  crois,  moi,  tout  le 
contraire,  &  voici  comme  je  raisonne.  Quand  j'etois  jeune  homme,  & 
[j — tou]  que  je  jouissois  plus  [qu  ce]  des  [leurs]  faveurs  de  la  sexe  qu'a 
present,  je  n'avois  point  de  laGoute.  [En]  Done,  si  les  Dames  de  Passy 
auroient  eu  plus  de  cette  Espece  de  Charit6  Chretienne  quey^  vous  [j]  ai 
si  souvent  en  vaine  recommande,  je  n'aurois  pas  eu  la  Goute  actuelle- 
ment.     II  me  semble  que  ceci  est  bonne  Logique. 

Je  suis  beaucoup  mieux  ;  J'ai  pcu  de  douleur ;  mais  je  me  trouve  bien  foi- 
ble. Je  peux,  comme  vous  voyez,  badiner  un  peu,  mais  [re]  je  ne  peux  pas 
etre  reellement  gai,  [jusque  je  suis  assure]  avant  que  fentendrai  que 
votre  precieuse  Sant6  est  retablie. 

Je  vous  envoye  mon  Dialogue,  en  esperance  que  cela  pourroit  vous 
amuser  [pour  un  quart]  quelques  moments. 

Bien  de  Remerciements  pour  les  tres  dernieres  Tomes  de  Montaigne, 
que  je  renvoye. 

La  Visite  de  votre  toujours  aimable  Famille  hier  au  soir  m'a  Faite 
beauco//p  de  bien  ;  [sa  bout]  Comme  je  les  aime  tous,  de  la  Grand 
Mere  &*  le  Pere.  jusque  le  plus  petite  enfant. —  The  Franklin  Papers, 
Vol,  46,  No.  44  (2d  ser.  of  Nos). 
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Dialogue  entre  la  Goute  &  M.  Franklin. 

[corrig^  et  augment^  de  plusieurs  fauttes  par  un  S9avant  et  vou^  de 
nottes  critiques  par  une  femme  qui  n'est  point  S9avante.] 

a  MlNUiT  le  22.  Oct.  1780. 

M.  F[ranklin].  Eh !  Oh !  Eh !  Mon  Dieu  !  qu'ai-je  fait  fait  pour 
m6riter  ces  Soufrances  cruelles  ? 

La  Goute.  Beaucoup  de  choses.  Vous  avez  trop  mang6,  trop  bfl  & 
trop  [satisfait  la  faresse  de]  [indulg6  vos  jambes  en  leur  indolence] 
indulge  vos  jambes  en  leur  Indolence, 

M.  F.     Qui  est-ce  qui  me  parle  ? 

La  G.    C'est  moi-meme,  La  Goute. 

M.  F.    Mon  Ennemie  en  Personne  ! 

La  G.    Pas  votre  Ennemie. 

M.  F.  Oui  mon  Enemie;  car  non  seulement  vous  voulez  me  tuer  le 
Corps  par  vos  Tourmens,  mais  vous  tachez  aussi  de  detruire  ma  bonne 
Reputation.  Vous  me  representez  comme  un  Gourmand  et  un  Ivrogne. 
Et  tout  le  monde  qui  me  connoit,  S9ait  qu'on  ne  m*a  jamais  accus6 
auparavant  d'Stre  un  homme  qui  mangeoit  trop,  ou  buvoit  trop. 

La  G.  Le  Monde  peut  juger  comme  il  lui  plait,  il  a  toujours  beau- 
coup  de  Complaisance  pour  lui  meme,  et  quelquefois  pour  ses  Amis. 
Mais  je  s^ais  bien  moi,  que  ce  qui  n'est  pas  trop  boire,  ni  trop 
manger  pour  un  homme  qui  fait  raisonablement  d' Exercise,  est  trop 
pour  un  homme  qui  n*en  fait*  [aucun]  point. 

M.  F.  Je  prends, — Eh  !  Eh  ! — autant  d'excrcise, — Eh  ! — que  je  puis, 
Madame  la  Goute.  Vous  connoissez  mon  Etat  Sedentaire ;  et  il  me 
semble,  qu'en  consequence  vous  pourriez,  Madame  la  Goute,  m*epargner 
un  peu,  considerant  que  ce  n'est  pas  tout  a  fait  ma  faute." 

La  G.  Point  dutout.  Votre  Rh6torique  &  votre  Politesse  sont  6gale- 
ment  perdues.  Votre  Excuse  ne  vaut  rien.   Si  votre  Etat  est  sedentaire, 

*  lere  notte — M.  Franklin  dit :  trop  indulge  vos  jambes  en  leur  indolence : 
le  corrigeur  dit:  trop  satisfait  la  paresse  de  vos  jambes — s:  indulgii  n'est  pas 
Fran9ois ;  ce  n'est  pas  la  fautte  de  Mr.  Franklin  dont  le  genie  est  plus  expressif 
qu'il  n'apartient  a  notre  langu: ;  il  faut  faire  recevoir  indulgis  a  Tacademie 
et  ne  point  rendre  la  phrase  lache  par  ce=satisfait  la  paresse  de  vos  jambes : 
au  moins  auroit  on  pu  dire:  trop  eu  d'indulgence  pour  I'indolence  de  vos  jambes  : 
cela  devasterrait  moins=roriginal,=ce  qui  est  important  quand  on  corrige  le  style 
d'unauteur;  mais  indulgis  vont  mieux  que  tout  ce  qu'on  mettra  a  la  place; 
malheur  a  qui  voudra  mettre  Franklin  en  bon  Fran9oiSy  on  gacherra  comme  & 
Montagne. 

^  2de  notte — II  est  question  d'^x^rcisse  :  Mr.  Franklin  dit :  Est  trop  pour  un 
homme  qui  n'en  fait  aucun : — on  a  ray^  aucun  pour  mettre  point : — je  voudrois 
S9avoir  qu'elle  difference  il  y  a  entre  ne  point  faire  d'6x6rcisse  on  n*cn  fiiire 
aucun. 
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vos  Amusements,  vos  Recreations  doivent  8tre  acti[ves]/5r.  Vous  devez 
vous  promener  ^  Pied  ou  a  Cheval,  ou  si  le  Tems  vous  en  empeche 
jouer  au  Billard.  Mais  examinons  votre  Cours  de  vie.  Quand  les 
Matin6es  sont  longues  et  que  vous  avez  assez  de  tems  pour  promener, 
qu'est-ce  que  vous  faites  ?  Au  lieu  de  gagner  de  TAppetit  pour  votre 
dejeuner  par  un  Exercise  salutaire,  Vous  vous  amusez  [en  lisant  les]  d 
Ore  des  Livres,  [les]  des  Brochures  ou  Gazettes  dont  la  plus  part  [ne 
vaudroient]  n*en  valent  pas  la  peine.  Vous  dejeunez  n^anmoins  large- 
ment ;  Quatre  Tasses  de  Th6  a  la  Creme  avec  une  ou  deux  grandes  Tar- 
tines  de  Pain  et  de  Beurre  couvertes  de  Tranches  de  Beuf  fum6 ;  qui  je 
crois  ne  sont  pas  les  choses  du  monde  les  plus  faciles  \  digerer.  Tout  de 
suite  vous  vous  placez  \  votre  Bureau,  vous  y  6crivez  ou  vous  parlez 
aux  gens  qui  viennent  vous  chercher  pour  [les]  affaire[s].  Cela  dure 
jusqu*^  une  Heure  apr^s-midi  sans  le  moindre  Exercise  de  Corps.  Mais 
tout  cela  je  vous  le  pardonne,  parceque  [qu'il  appartient]  cela  Hent 
comme  vous  dites  ^  votre  Etat  Sedentaire,  Mais  apr^s  diner,  que 
fiaites  vous  ?  Auheu  de  vous  promener  dans  les  beaux  jardins  de  vos 
Amis  [ou]  chea  lesquels  vous  avez  din^,  comme  font  les  Gens  sens6s, 
Vous  voila  etabli — a  I'Echiquier  jouant  aux  Echecs,  ou  on  peut  vous 
trouver  deux  ou  trois  Heures.  C'est  la  votre  Recreation  6ternelle !  La 
Recr6ation  qui  de  toutes  [les  autres]  est  la  moins  [propre  pour] 
tconvenable  a] /r<7/r<f  a  un  homme  Sedentaire  ;^  parcequ'au  lieu  d'ac- 
•celerer  le  mouvement  des  fluides,  il  demande  une  attention  si  forte 
€t  si  fixe,  que  la  Circulation  est  retard6e  &  les  Secretions  internes 
«mpech6es.  Envelopp^  dans  les  Speculations  de  ce  miserable  jeu, 
vous  detruisez  votre  Constitution.  Que  peut  on  attendre  d'une  telle 
fa9on  de  vivre  [peut  on  attendre],  si  non  un  Corps  plein  d'humeurs 
Stagnantes  pretes  a  se  corrompre  et  un  Corps  pret  a  tomber  en  toutes 
sortes  de  Maladies  dangereuses,  si  moi  la  Goute,  je  ne  viens  pas  de  tems 
■en  tems  a  votre  Secours  pour  agiter  ces  humeurs  et  les  purifier  ou  dissi- 
per  ?  Si  c'6toit  dans  quelque  petite  Rue  ou  Coin  de  Paris,  depourvu  de 
promenades,  que  vous  pass[eriez]/>ir  quelque  tems  aux  Echecs  apr^s 
diner,  vous  pourriez  dire  cela  en  Excuse  :  Mais  c'est  la  meme  chose  k 
Passy,  ^  Auteuil,  a  Montmartre,  a  Epinay,  i  Sanoy  ou  il  y  a  les  plus 
"beaux  jardins  &  Promenades  &  belles  Dames,  T  Air  le  plus  pur,  les  conver- 
sations les  plus  agr^ables,  les  plus  instructives,  que  vous  pouvez  avoir 
tout  en  vous  promenant,  mais  tous  sont  neglig6s,  pour  cet  abominable 
jeu  d'£checs.  Fi  done,  M.  Franklin  !  Mais  en  continuant  mes  Instruc- 
tions, j'oubliois  de  vos  donner  vos  corrections.  Tcnez  cet  £lancement ; 
&  celui. 

M.  F.     Oh !    Eh  !    Oh !    Ohhh  !— Autant    que  vous     [voulez]    vou- 

"^jeme  notte — M'  Franklin  dit:  La  Recreation  qui  de  toutes  est  la  moins 
propre  a  un  homme  s^dentaire  :  on  a  mis  :  la  moins  convenable  :  le  mot  propre 
<^toit  plus  convenable. 
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dm  de  vos  Instructions,  M*.  La  Goute,  mSme  de  vos  Reproches,  mais 
de  grace  pas  plus  dc  vos  Corrections. 

La  G.  Tout  au  contrairc,  je  ne  vous  rabattrois  pas  [un  As.]  U  quart 
(Tune,    Elles  sont  pour  votre  bien.    Tenez. 

M.  F.  Oh  !  Ehhh ! — Ce  n*est  pas  juste  de  dire  que  je  ne  prends  aucun 
Exercise,  j*en  [2X\fais  sou  vent  dans  [une]  ma  voiture,  en  sortant  pour 
aller  ^  diner,  &  en  revenant. 

La  G.  C*est  de  tous  les  Exercises  imaginables  le  plus  16ger  et  le  plus 
insignifiant  que  celui  qui  est  donn6  par  le  Mouvement  d'une  voiture 
suspendue  [par]  sur  des  Ressorts.  En  observant  la  Quantite  de  chaleur 
obtenue  des  differentes  Especes  de  mouvement,  on  peut  former  quelque 
Jugement  de  la  quantit6  d' Exercise  qui  est  donn6e  par  chacun.  Si,  par 
Exemple,  vous  sortez  a  pied  en  hiver,  avec  les  Pieds  froids,  en  marchant 
une  Heure,  vous  aurez  vos  Pieds  et  tout  votre  Corps  bien  ^chauff6s. 
Si  vous  montez  ^  Cheval,  il  faut  troter  quatre  heures  avant  de  trouver  le 
mSme  Effet ;  Mais  si  vous  vous  placez  dans  une  telle  voiture,  vous  pouvez 
voyager  toute  une  Joum6e  etentrer  votre  derniereAuberge  avec  vos  Pieds 
encore  froids. — Ne  vous  flattez  done  pas  qu'en  passant  une  demie  heure 
dans  votre  Voiture  vous  preniez  de  I'Exercise.  Dieu  n'a  pas  donn6  des 
Voitures  a  Roues  a  tout  le  Monde,  mais  il  a  donne  a  chacun  deux 
Jambes,  qui  sont  des  machines  infiniment  plus  commodes  et  plus  ser- 
viables ;  soyez  en  reconnoissant  et  faites  usage[s]  des  votres.  Vouler 
vous  savoir  comment  elles  fontcirculer  vos  fluides  en  meme  tems  [qu'ils] 
qu* elles  vous  transportent  d'un  lieu  a  un  autre,  pensez  que  quand  vous 
marchez  tout  le  poids  de  votre  Corps  est  jett6  alternativement  sur  Tune 
et  I'autre  jambe,  cela  presse  avec  grande  force  sur  les  vaisseaux  du 
Pied  &  [se — Contents],  refoule  ce  quHls  contiennent.  Pendant  que  le 
Poids  est  [protrude]  ote  de  ce  Pied  et  jett6  sur  I'autre,  les  Vaisseaux  ont 
le  tems  de  se  remplir  et  par  le  Retour  du  Poids  [cette  protrusion]  ce 
[repoussement]  refoulement  est  repetee,  ainsi  la  Circulation  du  Sang  est 
acc^leree  en  marchant.  La  Chaleur  produite  en  un  certain  Espace 
de  tems  est  en  raise n  de  1* Acceleration ;  les  Fluides  sont  battus  les 
Humeurs  attenu6es,  les  Secretions  facilities,  et  tout  va  bien.  Les  joues 
prennent  [une]  du  Vermeil,  et  la  Sant6est6tablie.  Regardez  votre  Amie 
d' Auteuil,  une  Femme  qui  a  re9u  de  la  Nature  plus  de  Science  vraiment 
utile,  qu'une  demi-douzaine  ensemble  de  vous  Philosophes  pretendus 
n'en  n'ont  tire  de  tous  vos  Livres.  Quand  elle  vouhit  vous  faire  Tbon- 
neur  de  sa  Visite,  elle  vint  a  Pied,  elle  se  promene  du  matin  jusqu'au 
soir,  &»  elle  laisse  toutes  les  maladies  d' Indolence  en  [Portion]  partage 
a  ses  Chevaux.  Voila  comme  elle  conserve  sa  Sant6,  meme  sa  Beaut^. 
Mais  vous,  quand  vous  allez  a  Auteuil  c'est  dans  la  Voiture.  Cependant 
il  n'y  a  [est]  pas  plus  loin  de  Passy  a  Auteuil  que  d'Auteuii  a  Passy. 

M.  F.    Vous  m'ennuiez  avec  tant  de  Raisonnements. 

La  G.  Je  le  crois  bien.  Je  me  tais,  et  je  continue  mon  office,  tenez 
cet  £lancement  et  [cecy]  celui-ci. 
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M.  F.    Oh  !  Ohh ! — Continues  de  parler  je  vous  prie. 

La  G.  Non.  J'ai  un  nombre  d'Elancements  k  vous  donner  cette 
Nuit,  et  vous  aurez  le  reste  demain. 

M.  F.  Mon  Dieu,  La  Fievre! — Je  me  perds.  Eh!  Eh!  N'y  at'il 
Pcrsonne  qui  puisse  prendre  cette  peine  pour  moi. 

La  G.  Demandez  cela  i  vos  Chevaux.  lis  ont  pris  la  peine  de 
marcher  pour  vous. 

M.  F.  Comment  pouvez  vous  etre  si  cruelle  de  me  tourmenter  tant 
pour  Rien. 

La  G.  Pas  pour  Rien.  J'ai  ici  une  Liste  de  tous  vos  Pech6s,  contre 
votre  Sante  bien  distinctement  6crite,  &  je  peux  vous  rendre  Raison  de 
tous  les  Coups  que  je  vous  donne. 

M.  F.     Lisez  la,  done. 

LaG.    C'est  trop  long  a  lire.  Je  vous  en  donnerai  le[s]  Montant[s]. 

M.  F.     Faites  le.    Je  suis  tout  attention. 

La  G.  Souvenez  vous  combien  de  fois  vous  vous  6tez  propos6  de 
vous  promener  le  matin  (Prochain]  suivant  dans  le  Bois  de  Boulogne, 
dans  le  Jardin  de  La  Muette  ou  dans  le  votre  ;  et  que  vous  avez  manqu6 
de  parole  ;  alleguant  quelquefois  que  )e  terns  6toi.t  trop  froid  d'autrefois 
qu'il  6toit  trop  chaud,  trop  venteux.  trop  humide,  ou  trop  quelqu'autre 
chose,  quand  en  verity,  il  n'y  avoit  rien  de  trop  qui  empechoit,  except^ 
votre  trop  de  Paresse. 

M.  F.  Je  confesse  que  cela  peut  arriver  quelquefois,  peut  etre  pen- 
dant un  An  dix  fois. 

La  G.  Votre  Confession  est  bien  imparfaite,  le  vrai  Montant  est  cent 
quatrevingt  dix  neuf. 

M.  F.     Est'il  possible  ? 

La  G.  Qui ;  c'est  possible,  parceque  c*est  un  fait.  Vous  pouvez  rester 
assure  de  la  justesse  de  mon  Compte. — Vous  connoissez  les  Jardins  de 
M.  Brillon,  comme  ils  sont  bons  a  [promener]  [la  promenade]  promener} 
Vous  connoissez  le  bel  Escalier  de  1 50.  D6gr6s,  qui  mene  de  la  Ter- 
rasse  en  haut,  jusqu'a  la  Plaine  en  has.  Vous  avez  visite  deux  fois  par 
semaine  dans  les  aprcs  midi,  cette  aimable  Famille,  C'est  une  Maxime 
de  votre  Invention,  qu'on  peut  avoir  autant  d'Exercise  en  montant  et  de- 
scendant un  Mile  en  Escalier,  qu'en  marchant  dix  sur  une  plaine.  Quelle 
belle  Occasion  [que]  vous  avez  eue  de  prendre  tous  les  deux  Exercises 
ensemble.     En  avez  vous  profit^  ?  et  combien  de  fois  ? 

^  ^eme  notte — En  parlant  de  jardins  Mr.  Franklin  dit — Comme  ils  sont  bons  d 
promener  :  on  a  mis :  comme  ils  sont  bons  d  la  promenade — il  me  semble  que 
des  jardins  peuvent  fitre  bons  k  promener,  puisqu'on  juge  qu'il  sont  bons  i  la 
promenade.  II  y  auroit  encore  plusieurs  nottes  a  faire ;  mais  comme  elles  ser- 
vient toutes  du  meme  genre ;  en  voila  assez  pour  d6montr6r  que  le  Francois  de 
Mr.  Franklin  est  souvent  aussi  bon,toujour8  plus  con9is  que  celui  du  sgavant  (|ui  le 
corrige ;  et — que  les  mots  de  sa  creation  pourrient  servir  a  enrichir  noire  langue. 
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M.  F.    Je  ne  peux  pas  bien  repondre  k  cette  question. 

La  G.    Je  repondrai  done  pour  vous,  pas  une  fois. 

M.  F.     Pas  une  fois ! 

La  G.  Pas  une  fois.  Pendant  tout  le  bel  £t6  pass6,  vous  y  6tez 
arriv^  a  six  heures.  Vous  y  aivez  trouv6  cette  charmante  femme  et  ses 
beaux  Enfans,  &  ses  Amis,  prets  a  vous  accompagner  dans  ces  Prome- 
nades, [&]  et  de  vous  amuser  avec  leurs  agr6ables  Conversations.  Et 
qu'avez  vous  fait  ?  Vous  vous  ^tez  assis  sur  la  Terrassc,  vous  avea  lou6 
la  belle  Vue,  regard6  la  Beaut^  des  Jardins  en  bas ;  mais  vous  n*avez 
pas  boug6  un  Pas  pour  descendre,  y  vous  promener.  Au  contraire 
vous  avez  demand^  du  Th6  et  TEchiquier.  Et  vous  voila  coll6  \  votre 
Siege  jusqu'a  neuf  Heures.  Et  cela  apr^s  avoir  jou6  peut  6tre  deux 
Heures  ou  vous  avez  din6.  Alors  aulieu  de  retourner  chez  vous  i  Pied, 
[qui  peut]  ce  qui  pourrait  vous  remuer  un  peu,  vous  prenez  votre 
Voiture.  Quelle  Sottise  de  croire  qu'avec  tout  ce  d6reglement.  on 
peut  se  conserver  en  Sant6,  sans  moi. 

M.  F.  A  cette  heure  je  suis  convaincu  de  la  Justesse  de  cette  Re- 
marque du  Bon  Homme  Richard,  que  nos  Dettes  et  nos  p^ch^s  sont 
toujours  [plus]  plus  grands  qu'on  ne  pense. 

La  G.  C'est  comme  [ca,]  cela  que  vous  autres  Philosophes  avez 
toujours  les  Maximes  [du  Sage]  des  Sages  dans  votre  Bouche,  pendant 
que  votre  Conduite  est  comme  celle  des  Ignorans. 

M.  F.  Mais  faites  vous  un  de  mes  Crimes  de  ce  que  que  je  retourne 
en  Voiture  de  chez  M".  Brillon. 

La  G.  Oui  assurement,  car  vous  quiavez  6t6  [ooo]  assis  toute  la 
journ^e,  Vous  ne  pouvez  pas  dire  que  vous  6tez  fatigu6  du  travail  du 
Jour.    Vous  n'avez  pas  besoin  done  d'etre  soulag6  par  une  Voiture. 

M.  F.     Que  voulez  vous  done  que  je  fasse  de  ma  Voiture  ? 

La  G.  Brulez  la,  si  vous  voulez.  Alors  vous  en  tirez  au  moins  pour 
une  fois  de  la  chaleur.  Ou  si  cette  Proposition  ne  vous  plait  pas,  je 
vous  en  donnerai  une  autre.  Regardez  les  Pauvres  Paysans  qui  tra- 
vaillent  la  terra  dans  les  Vignes  et  les  Champs  autour  des  Villages  de 
Passy,  Auteuil,  Chaillot,  &c.  Vous  pouvez  tous  les  jours,  parmi  ces 
bonnes  creatures,  trouver  quatre  ou  cinq  vieilles  Femmes  et  vieux 
Hommes,  courbes  et  peut  etre  estropi^s  sous  le  poids  des  Ann6es  et  par 
un  travail  trap  fort  et  continuel,  qui  apr^s  une  longue  Joum6e  de 
Fatigue  ont  a  marcher  peut  etre  un  ou  deux  Miles  pour  trouver  leurs 
Chaumieres.  Ordonnez  \  votre  Cocher  de  les  prendre  et  de  les  placer 
chez  eux.  Voila  une  bonne  Oeuvre !  qui  fera  du  bien  [pour]  a  votre 
Ame  ;  et  si  en  meme  terns  vous  retournez  de  votre  Visite  chez  les  Bril- 
lons  a  Pied,  cela  sera  bon  pour  votre  Corps. 

M.  F.     Ah  !  comme  vous  etes  ennuyeuse  ! 

La  G.  Allons  done  ^  notre  Metier,  il  faut  souvenir  que  je  suis  votre 
Medecin.    Tenez. 

M.  F.    Ohhh  !— Quel  Diable  de  Medecin  ! 
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La  G.  Vous  6tes  un  Ingrat  de  me  dire  cela.  N'est-ce  pas  moi  qui 
en  quality  de  votre  Medecin  vous  [a]  at  sauv6  de  la  Paralysic,  de  THy- 
dropisie  et  de  TApoplexie,  dont  Tune  ou  Tautre  vous  auroient  tu^  il  y  a 
long  terns  si  je  ne  les  en  avois  empech6es. 

M.  F.  Je  le  confesse.  Et  je  vous  remercie  pour  ce[la]  qui  est 
pass6.  Mais  de  Grace  quittez  moi,  pour  jamais.  Car  il  me  semble  qu'on 
aimeroit  mieux  mourir  que  d'etre  gueri  si  doloureusement.  Souvenez 
vous  quej'aiaussi  6t6  votre  ami.  Je  n*ai  jamais  lou6  de  combattre 
contre  vous,  ni  les  Medecins,  ni  les  Charlatans  d*aucune  Espece,  si 
done  vous  ne  me  quittez  pas,  vous  screz  aussi  accusable  d* Ingratitude. 

La  G.  Je  ne  pense  pas  que  je  vous  doive  grande  Obligation  de  cela. 
Je  me  moque  des  Charlatans,  ils  peuvent  vous  tuer,  mais  ils  ne  peuvent 
pas  me  nuire.  Et  quand  aux  vrais  Medecins,  ils  sont  enfin  convaincu 
"de  cette  verity,  que  la  Goute  n'est  pas  une  Maladie,  mais  un  veritable 
Remede,  &  qu'il  ne  faut  pas  guerir  un  Remede.  Revenons  a  notre 
Affaire.    Tenez. 

M.  F.  Oh  de  grace  quittez  moi,  et  je  vous  promets  fidelement  que 
desormais  je  ne  jouerai  plus  aux  Echecs  [et  je  ferai  bon  Usage  de  I'exer- 
cise]  que  je  ferai  de  f  Exercise ']0\xTnt\\tmQnX.  et  que ']%  vivrai  sobrement. 

La  G.  Je  vous  connois  bien,  vous  6tes  un  beau  Prometteur.  Mais 
apr^s  quelques  mois  de  bonne  Sant6,  vous  commencerez  a  aller  votre 
ancien  train.  Vos  belles  Promesses  seront  oubli^es  comme  on  oublie 
les  formes  de  Nuagesde  la  derniere  Ann^e.  Allons  done,  finissons  notre 
Compte.  Apr^s  cela  je  vous  quiterai ;  mais  soyez  assure  que  je  vous  revi- 
siterai  en  [Saison]  iems  &»  lieu.  Car  c'est  pour  votre  bien,  et  je  suis,  vous 
s^avez,  votre  bonne  Amie. —  The  Franklin  Papers,    Vol,  jo,  No,  j6. 

Extracts  from  One  Hundred  and  Fifteen  Letters  Between 
Madame  Brillon  and  Dr.  Franklin. 

ce  samedi  i8.  9''"',  'So. 
II  y  auroit  bien  quelques  petites  choses  a  redire  a  votre  logique  que 
vous  assur6z  si  bonne  mon  cher  papa — Quand  j'6tois  jeune  homme 
distes  vous,  et  que  je  jouissois  plus  des  faveurs  du  s^xe  qu*a  pr6sent,  je 
n'avois  pomt  de  goutte :  Done  [mon]  on  pourroit  r6pondre  a  cela — quand 
je  me  suis  jette  par  la  fen6tre  je  ne  me  suis  pas cass6  la  jambe :  Done  ;  vous 
pouries  avoir  la  goutte  sans  Tavoir  m6rite,  et  vous  pouries  Tayant  a  ce 
que  je  crois  bien  m^rit^  ne  I'a  point  avoir ;  si  ce  dernier  raisonnement 
n*est  pas  si  brillant  que  les  autres,  il  est  clair  est  sur :  ce  qui  n'est  n*y 
clair  n*y  sur,  ce  sont  les  raisonnements  des  phillosophes  qui  veulent  que 
tout  ce  qui  arrive  dans  le  monde  soit  n6cessaire  au  [mou]  mouvement 
g6n6ral  de  la  machine  univ^rs611e  :  je  crois  que  la  machine  n'en  iroit  n'y 
mieux  n'y  plus  mal,  si  vous  n'aviez  pas  la  goutte,  et  si  j  6tois  a  jamais  quitte 
de  mes  meaux  de  n^rfs ;  je  ne  vois  pas  quelle  facillit6  ces  petits  incidents 
de  plus  ou  de  moins  peuvent  donner  aux  vou^s  qui  tournent  ce  bas 
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monde  a  tort  et  a  trav6rs  et.  je  39013  que  ma  petite  machine  ea  va  bien 
plu3  mal :  ce  que  je  S9ait  fort  bien  encore;  c*est  que  la  douleur  derient 
qu61quefois  maitresse  de  la  raison,  et  que  la  seule  patience  peut  veair  a 
bout  de  les  deux  chicani6res ;  j*en  ai  done  le  plu3  que  je  pul3.  et  voos 
conseille  d'en  faire  autant  mon  ami ;  lor3que  les  frimats  ont  attristes  la 
terre,  un  beau  3oleil  nous  les  faire  oubliers :  nous  sommes  au  milieu  des 
frimats,  il  faut  pati^ment  attendre  ce  beau  soleil,  et  en  Tattendant  nous 
distraire  dans  les  moments  ou  la  foiblesse  et  la  douleur  nous  laissent  en 
repos ;  voila  mon  ch6r  papa  ma  logique  a  moi :  |  : 

Votre  dialogue  m'a  beaucoup  amus<E,  mais  votre  corrigeur  de  fran9ois 
a  gast6  votre  besogne ;  croyes  moi,  laiss6  vos  ouvrages  t6ls  qu*ils  sont, 
faittes  des  mots  qui  diront  des  choses  et  mocques  vous  des  grammairi^ns 
qui  par  purete  afToiblissent  toutes  vos  phrases  :  si  j'avois  la  teste  asses 
forte  je  ferois  une  diatribe  terrible  contre  ceux  qui  osent  vous  retoucher. 
Fut  ce  I'abbe  de  la  roche.  mon  voisin  veillard  &c  &c  &c :  je  venx 
m*amus6r  a  faire  des  nottes  sur  votre  besogne  et  sur  la  leurs,  [vous]  et  vous 
verres  que  c*est  vous  qui  aures  raison  adieu  mon  bon  papa,  mon  gros 
mari  vous  portera  ma  16ttre,  il  est  bien  heureux  de  pouvoir  vous  aU6r 
voir,  pour  moi :  il  ne  me  r63te  que  la  facult6  d'aimer  mes  amis,  vous  ne 
douttes  surement  pas  que  je  ne  m'en  acquitte  de  mon  mieux  pour  vous, 
jusqu'a  la  charite  chett6ane  c*est  a  dire  votre  charit6  chreti6nne  ixclu- 
sivement :  \  .•—  The  Franklin  Papers,  VoL  43,  No.  3. 

ce  deux  decembre. 

Vottre  lettre  mon  aimable  papa  m*a  fait  un  sensible  plaisir,  mais  si 
vous  voules  m'en  faire  un  plus  grand  restes  en  France  jusqu'au  moment 
ou  vous  verres  ma  sixieme  generation,  je  ne  vous  demande  que  quinze 
ou  seize  ans,  ma  petite  fille  sera  mariable  de  bonne  heure,  elle  est  belle 
et  forte  :  je  goutte  un  nouveau  sentiment  mon  bon  papa  auqu*el  mon 
coeur  se  livre  avec  satisfaction,  il  est  si  doux  d'aimer !  je  n*ai  jamais 
con9u  comment  il  existoit  des  estres  asses  6nnemis  d'eux  mesme  pour 
repousser  Tamiti^ ;  il  y  a  des  ingrats,  dira  t*on  ;  eh  bien  Ton  est  tromp^, 
cela  est  un  peu  dur  quelquefois,  mais  on  ne  Test  pas  toujours,  et  de  se 
sentir  incapable  de  le  rendre  donne  un  contentement  de  soi  mesme  qui 
consoUe  de  la  trahison  : 

Ma  petite  nourice  est  charmante  et  fraiche  cooime  la  rose  du  matin, 
Tenfant  les  premiers  jours  a  eu  de  la  peine  a  se  faire  a  t^ter  un  sein 
ferme  et  done  le  bout  dtoit  mignon  et  court,  mais  la  patience,  le  courage 
de  la  m6re  I'ont  emporte,  tout  va  bien,  et  rien  n'est  plus  interessant  que 
ce  tableau,  une  jeune  et  jolie  personne  allaitant  un  superbe  enfant,  le 
p^re  occupd  sans  cesse  de  ce  spectacle  et  joignant  ses  soins  a  ceux  de  sa 
fdmme,  mes  yeux  se  mouillent  sans  cesse  et  mon  coeur  jouit  mon  aima- 
ble papa,  vous  sentes  si  bien  le  prix  de  tout  ce  qui  tient  a  la  belle  et 
bonne  nature  que  je  vous  devois  ces  details,  ma  fille  me  charge  de  ses 
remercimens  et  complimens  pour  vous,  ma  Cadecte,  mes  hommes  vous 
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pr68entent  leurs  civilit6s,  et  xnoi  mon  ami  je  vous  prie  de  croire  que  mon 
amiti6  oC  mon  existance  seront  toujours  un  pour  vous  : 

Pr^ss  Copy  of  Franklin's  Answer. 

Je  vous  felicite  tres  cordialement,  ma  tr^s  ch6re  amie,  de  Theureux 
Accouchement  de  votre  Fille.  Puisse  TEnfante  etre  ainsi  bonne  & 
ainsi  aimable  que  sa  mere,  sa  grandemere,  sa  grandegrandemere,  &c. 
Je  me  souviens  d*avoir  un  jour  rencontre  chez  vous  quatre  de  vos 
Generations,  quand  vos  Enfants  etoienttres  jeunes  ;  que  j'ai  dit  alors 
que  j'esperoit  vivre  h  voir  la  cinqui6me  ;  Voi^i  mon  Souhait  prophetique 
accompli.  Je  fais  des  Voeux  actuellement  pour  la  Prosperity  continuelle 
de  toute  la  bonne  Famille.  Avez  vous  des  nouvelles  de  notre  bon 
Evesque  ?  Ou  est  il  ?  Comment  sc  porte  t-il  ?  Jc  vous  embrasse  forte- 
ment.— B.  F. 
'  ce  29  Nov**",  84. 

—  TAe  Franklin  Papers,  Vol.  4),  No,  /. 

ce  4  mars  a  pans. 
Je  vous  dois  mil  remercimens  mon  bon  papa  de  votre  joli  billet  et  de 
votre  lettre  aux  auteurs  du  journal  de  paris ;  mais  je  vous  en  devres 
deux  mil,  si  vous  y  joignds  I'avis  a  ceux  qui  veulent  passer  en  amerique, 
j*esp^rois  aller  vous  le  demander  aujourd'hui  et  m'6tablir  pour  six  ou 
sept  mois  a  passy  mais  mon  pauvre  mari  a  la  }>outteaux  deux  jambes,  et 
la  gu^rison  de  cette  mauditte  goutte  peut  seule  nous  rendre  notre  liberte  ; 
pries  pour  lui  mon  bon  papa  tout  heretique  que  vous  cstes,  j'ai  plus  de 
foi  en  vos  prieres  qu'en  toutes  cclles  de  nos  dervishes  ;  adieu  mon  ami 
aimes  moi  bien  et  comptes  que  de  toutes  celles  qui  vous  ont  aimes  et 
vous  aimcnt  aucunes  ne  vous  aime  [nt]  autant  que  moi : — The  Franklin 
Papers,  Vol.  43,  No,  18, 

ce  13.  octobre  a  La  thuillerie. 
Comment  estes  vous  mon  bon  papa  ?  jamais  il  ne  m'en  a  tant  coutte 
de  m'eloigner  de  vous,  chaques  soirs  il  me  semble  que  vous  series  bien 
aise  de  me  voir,  et  chaques  soirs  je  pensea  vous;  lundi  si  j'irai  vous 
retrouver,  j'espere  qu'alors  vous  series  bien  sur  vos  jambes  et  que  le 
th6  du  mercredi  samedi  et  celui  du  dimanche  matin  reprendront  tout 
leur  lustre  je  vous  mennerai  la  bonne  evesque,  mon  gros  mari  vous  fera 
rire,  nos  enfants  riront  ensemble  le  grand  voisin  persiflera,  les  abbes  la 
roche  et  morelct  mangeront  tout  le  beure,  M<*«  grand  son  aimable  niece 
et  M'  grand  ne  nuirront  pas  a  la  societe,  le  p6re  pagin  jouera  dieu 
d'amour  sur  le  violon,  moi  la  marche  au  piano,  vous  petits  oiseaux  sur 
I'harmonica,  oh  mon  ami  voyons  dans  I'avenir  de  belles  et  bonnes 
jambes  pour  vous,  et  ne  pensons  plus  a  la  mauvaise  qui  vous  a  tant 
persecute  ;  apres  le  mal  on  jouit  mieux  du  bien,  la  vie  est  semee  de  I'un 
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et  de  Tautre  qu'elle  varient  sans  cesse,  ce  qu*elle  ne  peut  empecher 

*estre  egallc,  uniforme.  c'est  ma  tendresse  pour  vous.  que  les  terns,  les 

lieux,  les  ^venemens  n'altereront  jamais  : 
ma  mere  et  toute  ma  famille  se  rapellent  a  votre  souvenir : 
j*ai  eu  de  vos  nouv6lles  par  le  voisin,  mais  il  m*en  faut  absolument  de 

vous  \^The  Franklin  Papers,  Vol,  43,  No.  33, 

ce  mardi  16  a  La  thuiUerie. 

Je  vous  assure  mon  bon  papa  que  je  mettrai  toute  mon  attention  a  ne 
pas  trop  donner  pour  les  sifflets  ;  s'ils  n*ont  gu6rre  coutt^s  a  ma  bourse, 
ils  ont  couttes  ch^rs  a  mon  coeur  et  votre  lettre  me  prouve  bien  plus 
encore  que  mon  experience  et  mes  reflections,  que  j*ai  sou  vent  payes 
bien  chers  de  mauvais  sifflets  ;  j*ai  cru  par  6xemple  que  lorsque  j'aimois 
on  devoit  m'aim6r,  mesurant  Tame  des  autres  a  la  mienne ;  j'ai  rarement 
trouv6s  la  valeur  de  ce  que  je  donnois,  ce  qui  j'appelle  trop  fayir pour 
le  sifflet :  j'ai  cru  ce  que  les  gents  disoient,  parcequ'ils  le  disoient ;  et  que 
je  n'imaginois  pas  qu'on  pH  dire  une  chose  lorsqu*on  pensoit  lecontraire ; 
c'est  de  tous  les  sifflets  celui  qui  m'a  le  plus  coutte— je  ne  finirois  pas  si 
je  faisois  Tenum^ration  de  ce  qu'il  m'cn  coutte  en  sottises  et  en  sifflets  ; 
ce  qui  me  consolle  c*est  que  si  j'ai  ^te  dupe,  je  n'en  ai  jamais  fait ;  j*ai 
desir6  le  bien  j'ai  aime  franchement  et  n'en  veut  point  a  mes  semblables 
d'estre  mcchants  :  Le  m^chant  doit  estre  plaint,  il  ne  peut  6tre  heureux ! 
en  mettant  a  part  1' imagination  et  les  erreurs  qu'elle  nous  pr6sentent 
sans  cesse,  en  nous  en  rapportant  a  la  phillosophie  et  a  la  raison,  il 
n'^xiste  qu'un  seul  moyen  a  I'homme  d*estre  heureux :  qu*il  soit  bon 

comment  estre  bon  ?   en  n'agissant  jamais  que  d*apr6s 

son  coeur— en  se  demandant  toujours  avant  de  faire  une  action  si  elle 
est  juste — en  choissisant  bien  des  amis  en  respectant  les  loix,  les  usages 
du  pays  qu'on  habitte ;  en  tachant  de  voir  juste  dans  tous  les  points 
possibles,  de  se  depouiller  de  tous  pr^juges,  de  toutes  pr6ventions,  sans 
heurter  pour  cela  I'oppinion  des  autres ;  en  sachant  s'occuper  utillement 
dans  son  ^tat,  en  en  remplissant  les  devoirs ;  en  faisant  enfin  ce  qu'a 
toujours  fait  mon  bon  papa,  qui  n'a  trop  pay^  le  siffl6t  qu'6tant  tout 
enfant  et  qui  depuis  ce  tems  a  plaint  tous  ceux  qui  les  payoient  au  dela 
de  leur  iraleur : 

de  samedi  en  huit  mon  bon  papa,  je  vous  donnerai  un  peu  de 
musique,  quelques  parties  d'^ch^cs,  et  du  th6 ;  je  compte  revenir  le 
jeudi  vingt  cinq  de  ce  mois  pour  disner  :  vous  dirais  je  que  j*aurai  bien 
du  plaisir  a  vous  revoir  !  non  !  j'aime  mieux  vous  le  laisscr  d6vin6r — la 
seule  chose  que  je  veuille  vous  dire  sur  cet  article,  c'est  que  vous  pouv6s 
croire  que  personne  au  monde  ne  vous  est  plus  sincerement  attach^  que 
moi,  et  que  vous  pouves  m'aimer  en  consequence  sans  craindre  de  trop 
donner  pour  le  sifflet  : 

W  Brillon  a  bien  ri  des  sifflets :  nous  trouvons  que  ce  que  vous 
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appeles  votre  mauvais  fran^ois,  donne  souvent  du  picquant  a  votre  nar- 
ration, par  la  construction  de  certaines  phrases,  et  par  les  mots  que  vous 
inventus :  m'  Brillon,  mes  enfants,  ma  m6re,  mon  frere  vous  pr6sentent 
leurs  hommages  et  amities ;  nous  faisons  tous  avec  votre  permission  mil 
compliments  a  m'  votre  fils: — The  Franklin  Papers,  Vol,  4j,  No,  ^4, 

ce  II  X  *"  a  nice. 
Mon  ch6r  papa  le  voisin  vous  remettra  ce  petit  mot ;  s^av^s  vous 
pourqu'oi  je  ne  vous  6cris  qu'un  petit  mot  bien  petit  c'est  que  je  vous 
boude^oui  monsieur  papa  je  vous  boude :  comment !  vous  pren6s  des 
arm6es  entieres  en  am^rique,  vous  burgoinises  cornwallis,  vous  pren6s 
canons,  vaisseaux,  munitions,  hommes,  cheveaux  &  &  vous  prenes  tout 
et  de  tout,  et  la  gasette  seule  Tapprend  a  vos  amis  qui  se  grisent  en 
buvant  a  votre  sant^,  a  celle  de  Wasington  de  Tindependance,  du  roy 
de  france,  du  marquis  de  la  fayette,  de  M'  de  Rochambault,  chalelux 
&  &  tandis  que  vous  ne  leurs  donn6s  pas  signe  de  vie;  vous  deves 
cependant  estre  un  bon  vivant  a  present,  quoique  cela  vous  manque 
rarement,  vous  estes  surement  rajeuni  de  20  ans  par  cette  bonne 
nouvelle  qui  doit  nous  amener  une  paix  durable  a  la  suitte  d'une 
gu6rre  glorieuse — je  vous  boude  done  et  vous  bouderai  jusqu'a  ce  que 
j'aye  de  vos  nouvelles ;  en  attendant  cependant  comme  je  ne  veux  pas 
la  mort  du  pecheur  je  vous  ferai  une  marche  triomphalle,  je  vous 
Tenvoyerai,  vous  e^rirai,  et  vous  aimerai  mesme  de  tout  mon  coeur :  |  : 

Postscript  by  M.  Brillon. 

Moy  qui  ne  vous  boudes  point,  je  vous  fais  mon  compliment  bien 
sincere  mon  cher  Papa  et  vous  embresses  des  deux  cotes  bien  cordiale- 
ment,  aussi  le  petit  Rls  que  je  ne  puis  separer  de  vous. 

Franklin's  Answer. 

a  Passy,  ce  25  Dec^  '81. 
Vous  me  boudes,  ma  chere  Amie,  que  je  n'avois  pas  voui  envoy e 
[un  expres  pour  vous  avertir  de]  tout  de  suite  rhistoire  de  notre 
grande  Victoire.  Je  suisbien  sensible  de  la  Magpiitude  de  notre  Avantage, 
possibles  bonnes  et  de  ses  Consequences ;  [probables  possibles,]  mais  je 
ne  triomphe  pas.  S^achant  que  la  Guerre  est  plein  de  [Evenements] 
Varieie  &  d* Incertitudes ;  dans  la  mat/vaise  Fortune  j*espere  la  bonne  ; 
&  dans  la  bonne  je  crains  la  mauvaise.  Ainsi  je  joue  a  ce  Jeu  avec 
presque  la  meme  Egalit^  [de  T]  Ame  que  [vous  que]  vous  m'avez  vu  [je] 
jouer  aux  Echecs.  Vous  s^avez  que  je  ne  renonce  jamais  a  une  Partie 
avant  qu'il  est  finie,  esperaiit  toujours  de  gagner,  ou  au  moins  d'avoir  un 
Pat  &  je  me  g[u]arde,  quand  j'ai  bonne  Partie,  contre  la  Presomption, 
qui  est    souvent  tr^s  nuisible,  &    toujours    tres  dangereuse.     Et   [si 
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j'avois]  quand  fai^t,  Presomption  jc  tache  de  Ic  [cachcr]  cachcr,  pour 
cviter  la  Honte  si  la  Fortune  change.  Vous  voyez  pourquoi  j*ai  dit  si 
peu  de  cette  Affaire,  &  que  j'ai  seulement  remarqu6,  que  rien  ne  pouvait 
me  faire  parfaitement  heureux ;  en  certain  Circonstances. 

Comme  vous  avez  toujours  evit^  de  faire  des  connoissances  nom- 
breuses,  vous  ne  pouvez  pas  imaginer  le  Quantity  de  Gens  qui  s'inte- 
ressent  de  votre  Bien6tre.  Je  [trouve]  rencontre  toujours  quelques  uns  en 
toutes  les  [Compagnies]  Socieies,  en  toutes  Ics  Parties  de  Paris  &  a  Ver- 
sailles, qui  me  demandent  de  vos  Nouvelles,  de  votre  Sant6,  a  bout  que 
vous  etablirez  votre  Sante,  que  vous  vivrez  long  terns  ameliorez  votre 
constitution  que  vos  nerfs  seront  fortifies,  &  ceux  qui  m'aiment  disent 
quelques  mots  pour  me  consoler  de  Votre  Absence :  tous  parlent  de 
vous  avec  Respect  plusieurs  avec  affection  &  meme  avec  Admiration. 
Cela  est  Musique  pour  mes  Oreilles  &  plusque  compense  [la]  ma  perte 
des  Noels  charmantes,  que  la  Saison  me  fait  souvenir. 

Je  passe  souvent  devant  la  Maison.  Elle  me  paroit  desol^e.  Autre- 
fois j*ai  bris6  le  Commandement  en  la  Convoitant,  avec  la  Femme  [&  les 
Enfants]  de  mon  [bon]  Voisin.  A  cette  heure  jene  [la]  leconvoite  plus. 
Ainsi  je  suis  moins  Pecheur.  Mais  par  Rapport  a  la  Femme,  je  trouve 
toujours  [cette  Espece  de]  ces  Commandements  [being]  bien  incom- 
modes, &  je  suis  fach6  qu'on  s'est  avise  [a]  de  les  faire.  Si  [vous]  dans 
vos  voyages  vous  vous  trouvez  chez  le  Saint  Pere,  demandez  de  lui  de  les 
rapeller,  comme  etant  donn6es  seulement  aux  Juifs,  &  trop  genantes  pour 
les  bons  Chretiens. 

Voila  arrive  le  Jour  de  la  Naissance  du  Dauphin  du  Ciel,  &  jusqu*a 
present  nous  n'av/ons  eu  la  moindre  Apparence  d'Hyver.  J*ai  din^ 
aujourdhuy  a  Chaillot  les  Fortes  &  Fenetres  ouvertes  comme  en  fete  & 
J'ai  dit  a  moi-meme,  je  ne  crois  pas  qu'on  a  plus  beaux  temps  h.  Nice,  [& 
j'etois  pret  a  chanter]  &*fetois  firet  a  chanter, 

Helas !  pourquoi  chercher  [si  loin]  sur  I'onde  la  Bonheur  qu'on  trouvoit 
[chez  soi]  au  port.     Mais  j'espere  que  tout  sera  pour  le  mieux. 

Quoique  j'ai  dit  que  je  ne  triomphe  pas,  je  serai  bien  aise  d'avoir  la 
Marche  que  vous  avez  la  bonte  de  me  promettre.  Mais  je  crois  que  je 
ne  I'entendrai  bien  jouee  avant  voire  retour. 

J'ai  lu  la  petite  Memoire  de  votre  Ami  de  Marseilles.  [H  est]  Elle  est 
plein  d' Intelligence  &  de  bon  Sens.  Je  la  communiquerai  ou  elle  pent 
avoir  quelque  bonne  Effet. 

Dites  quelques  millions  de  bonnes  choses  pour  moi  [n]  a  chacun  & 
chacune  de  votre  heureuse  [Compag]  Societ6. —  The  Franklin  Papers, 
Voi,  4jy  No.  44, 

ce  dimanche  26. 

Voici  mon  bon  papa  des  nottes  sur  votre  charmant  dialogue,  j*ai 
voulu  prouver  que  vous  disies  mieux  que  tout  autre,  mesme  dans  une 
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langue  que  vous  ne  S9avez  qu'imparfaittement :  quelques  puristes  pour- 
roient  nous  chicaner,  parceque  ces  especcs  d'animeaux  pesent  les  mots 
a  I'alembic  d'une  froide  6rudition ;  moi  qui  ne  les  pesent,  n'y  ne  les 
comparent ;  animal  femmelle  que  1'  instinct  du  sentiment  guide  comme 
vous  me  paroisses  vous  enoncer  plus  energiqucment  plus  fortement 
qu'un  gramairien,  ma  sensibillitc  juge  pour  vous,  contre  tous  les 
s^avants  passes,  pr6sents,  et  futurs:  adieu  mon  ami,  je  poprrois  peut 
estre  avcc  mon  instinct  faire  de  longues  dissertations  pour  appuy6r 
mon  opinion  et  peut  estre  mes  raisonnements,  ne  seroient  pas  plus 
deraisonnables  que  ceux  de  la  pluparts  de  nos  admirables,  illustres; 
— Encyclopedistes,  Economistes,  moralistes,  journalistes,  th6ologiens, 
athees,  materialistes  et  S9avants  en  tous  les  istes  possibles  ?  Mais  11  n'y 
a  pour  moi  qu'une  chose  importante  a  vous  prouv6r  ;  c'est  que  personne 
au  monde  ne  vous  aime  plus  tendrement  et  d'une  maniere  plus  vrai 
que  moi :  |  : 

je  vous  demande  mon  ami  une  copie  du  dialogue  que  je  vous  renvoyc, 
vos  ouvrages  en  tout  genre  me  sont  pretieux,  et  je  n'oublie  pas  la 
promesse  que  vous  m'avcs  faittes  de  me  donner  vos  oeuvres  imprimees 
que  j'aurois  d^ja  s'il  ne  m'etoit  plus  doux  de  les  tenirs  de  vous  :  |  : 

ce  samedi  25. 
J'envoye  S9avoir  de  vos  nouvelles  mon  bon  papa ;  16s  miennes  sont 
meilleures  mais  je  suis  encore  loin  du  but:  je  comptois  vous  envoyer 
mes  nottes ;  des  amis  ont  pris  le  terns  que  je  vous  rescrvois  en  venant 
causer  avec  moi ;  ils  ne  m'ont  point  empecher  de  penser  a  vous  et  de 
vous  aimer.  nuUe  puissance  n'en  viendroit  a  bout!  mais  je  n'ai  pu  vous 
ecrire :  adieu  mon  bon  ami,  a  nous  deux  nous  ne  ferions  pas  deux  instru- 
ments a  bonne  et  mauvaises  jambes,  car  j'ai  bien  peur  que  nos  quatres 
n'en  valent  pas  une  mediocre. —  The  Franklin  Papers,  Vol.  4j,  No.  77. 

Exercise  in  French,  N.  5. 

Letter  to  J/*  B.,  transcribed  and  corrected  by  her  (in  Franklin's 
handwriting). 

Depuis  que  vous  m*aves  assur^  que  nous  nous  rencontrons  rencon- 
trerons  et  que  nous  nous  reconnoitrons  en  paradis,  j*ai  pens6  continu- 
ellement  sur  Tarrangement  de  nos  affaires  dans  ce  pays  la ;  car  j  ai 
gr2Ltid^ande  confiance  en  vos  assurances,  et  je  crois  implicitement  ce 
que  vous  croyes : 

Vraiscmblablement  plus  que  de  40  ann^es  couleroient  couleront  apr6s 
mon  arriv^e  la,  avant  que  vous  me  suiveres  suiviis  :  je  crains,  un 
peu,  que  dans  la  course  d'une  d'un  si  long^e  long  temps,  vous  pouv6s 
ne  puissies  m'oubli6r.  c'est  pourqu'oi  j'ai  eu  la  pens6e  de  vous  pro- 
poser de  me  donn6r  votre  parole  d'nonneur,  de  ne  pas  renouveller 
la    votre    contrat    avec    M'    B.— je    vous    donnent    au    donnerai   en 
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mesme  temps  le  mien  la  mientu  de  vous  attendre  mais  ce  monsieur 
est  si  bon,  si  g6nereux  envers  nous — il  vous  aime— et  nous  lui — si  bien 
•— que  je  ne  puis  [pas]  penser  [de]  a  cette  proposition,  sans  quelque[s] 
[scrupules  de]  scrupule[s]  de  conscience  —  cependantl'id^e  d'une 
£temit6  dans  laquelle  je  ne  serai  pas  plus  favoris6  que  d'estre  permis 
(T avoir  permission  de  baiser  vos  mains,  ou  vos  jou^s  quelquefois,  et  que 
de  pass6r  deux  ou  trois  heures  dans  votre  douce  soci€t6  les  soir6e8  des 
mercredis  et  samedis,  c*est  effroyable :  enfin  je  ne  puis  pas  faire  cette 
proposition,  mais  comme  (avec  tous  ceux  qui  vous  connoissent)  je  sou- 
haitte  de  vous  voir  heureuse  en  toutes  choses,  nous  pouvons  agr^er  de 
n'en  plus  parl6r  a  present  et  de  la  laisser  a  vous,  vous  iaisserla  liberie  tTen 
decider^  quand  nous  \^tous'\  nous  rencontrerons  tous  :  Id  d'en  determiner 
comme  vous  juger6s  le  meilleur  pour  [la]  vostre  f61icit€  et  pour  les  n6tres. 
determines  comme  vous  voudres,  je  sens  que  je  vous  aimera  cUmerai 
etemellement — si  vous  me  rejetteres  rejettis,  peut  estre  je  m*addres- 
serai  nC addresseraije  a  m*^  D*hardancourt,  et  qui  il  a  qui  il  plaira 
[peut  estre  a  elle]  de  faire  menage  avec  moi ;  alors  je  passerai  mes 
heures  domestiques  agr6ablement  av^c  elle  ;  et  je  serai  plus  a  port6e  de 
vous  voir,  j'aurai  asses  de  tems  dans  ces  40  ann6es  la,  de  pratiquer 
sur  L*Armonica,  et  peut  estre  je  jouerai  ass^s  bien  pour  estre  digne 
d*accompagner  votre  fort^  piano,  nous  aurons  de  tems  en  tems  de  petits 
concerts :  le  bon  p6re  pagin  sera  de  la  partie,  votre  voisin  et  sa  chere 
famille  [m' jupin]  tn^  de  chaumont,  m'  B,  m'  jourdon,  m'  grammont,  m** 
du  tartre,  la  petite  m6re,  et  d'autres  amis  choisis  seroient  seront  notre 
auditoire,  et  les  chores  bonnes  filles  accompagn6es  par  quelques  autres 
jeunes  anges  de  qui  vous  m*av6s  d6ja  donn€  les  portraits,  chanteroient 
^hanteront  av6c  nous  le  alleluia,  nous  mangerons  ensemble  des  pommes 
de  paradis  roties  av6c  du  beure  et  de  la  muscade ;  et  nous  aurons  piti6 
de  ceux  qui  ne  sont  seront  pas  morts : 

Notes  by  Franklin, 

More  than  40  years — Plus  de  (not  que)  40  ann^es. 
To  think  of  a  thing — Penser  ^  (not  de)  une  chose. 
To  be  permitted — D'avoir  Permission  (not  d'etre  permis). 
Perhaps  I  shall  address  myself— Peutetre  m*addresserai-je   (not  je 
tn*addresserai). —  The  Franklin  Papers,   Vol,  43,  No,  8y, 

Bravo,  Bravissimo,  la  lettre  pour  m'  de  parseval ;  il  n'y  a  rien  a  cor- 
riger,  et  m'  franklin6t  ne  me  Ta  envoy ^  que  par  exc6s  d'amour  propre ; 
m'  de  parseval  demeure  rue  s*'  anne,  m'  franklin  le  verra  ce  soir  chez 
m'  de  fioissac  ;  adieu,  avant  qu'il  soil  nuit  nous  nous  verrons  en  atten- 
dant pourtant  j'embrasse  mon  papa :  et  je  salue  le  petit  fils.— Tli/  Frank- 
lin Papers,   Vol,  43,  No,  gS. 
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Plaidoyer  pour  Madame 

Brillon  de  Joury 

francaise    native   de    Paris    demeurant 

ordinairement  k  Passy  de  present  k  Nice 

Contre  Monsieur 
Benjamin  Franklin 
am6ricain  n6  k  Boston  ci  devant 
academicien,  phisicien,  Logicien  &  &  &ca 
aujourdhui  Ambassadeur  en  France  des 
Provinces  unies  de  L*amerique  resident 
a  Passy. 

C'est  avec  regret  que  Le  Sanctuaire  de  la  Justice  S*ouvre  et  que 
cette  deesse  ecoute  des  plaintes  port^es  contre  un  homme  celebre, 
que  ses  ennemis  memes  ont  respecte  comme  le  plus  sage,  et  le 
plus  juste  des  philosophes  de  son  Siecle;  Sa  Partie  adverse  meme 
Longtems  abus6e  sur  son  merite,  n'osoit  redamer  une  dette  qu'elle 
croyait  d'autant  plus  sacr^e  qu'elle  regardait  comme  inutile  La  Sig- 
nature de  Monseigneur  Benjamin  Franklin,  et  que  sa  parole  lui  pa- 
raissait  plus  sure  que  tous  les  contrats :  aujourdhuy  Les6e  dans  tous 
ses  droits,  opprim6e  sous  le  poids  de  L'injustice,  elle  craindrait  peut  etre 
encore  de  ternir  la  reputation  de  L*homme  qui  La  tromp^  de  la  maniere 
La  plus  outrageante,  si  la  Society  n*6tait  interess^e  a  devoiler  un  crime 
d'autant  plus  atroce,  et  dangereux  a  Son  repos,  qu'il  est  commit  par  un 
homme  en  place  dont  L'^tat  &  la  reputation  semble  lui  assurer  L'im- 
punit6. 

O  Justice,  6  deese  image  du  dieu.  qui  regit  L'univers,  qui  devoile  les 
actions  Les  plus  cach^es  pour  recompenser  la  vertu  ignor6e,  et  punir  Le 
vice  orgueilleux  qui  leve  sa  tete  altiere  se  croyant  a  L'abri  de  la 
Foudre,  Justice,  je  t' implore  en  Faveur  de  la  Dame  Brillon,  pese  dans 
tes  balances  redoutables  les  conventions  reciproques  de  L*ambassa- 
deur,  et  de  la  Femme  qu'il  abusa  d'une  maniere  cruelle,  ne  te  laisses 
seduire  ni  par  L'eloquence  Sublime  de  I'ameriquain  coupable,  ni  par 
sa  Science  dangereuse,  ni  par  sa  reputation  que  la  renomm6e  s'est 
enorgueillie  d'6tendre  d*un  pole  k  L'autre,  plus  le  coupable  est  grand, 
plus  il  cause  L' admiration  des  deux  hemispheres,  plus  ta  ^loire  s'ac- 
croitra,  deesse,  en  proportionant  La  punition  k  L'ofTense  en  Laissant 
tomber  ton  tonnere  sur  celui  qu'on  assure  avoir  enchain6  La  Foudre, 
comme  il  entrain  a  tous  Les  Coeurs. 

Juii/s, 

£n  1776  Messire  Benjamin  Franklin  fit  une  societ6  d'amiti6  conjointe- 
ment  avec  La  dame  Brillon,  par  La  quelle  ils  se  promirent  reciproque- 
ment  de  se  voir  souvent  Lorsqu'ils  seroient  a  port6e  de  le  faire  sans  pre- 
judicier  k  Leurs  affaires  reciproques. 

2^  de  s'ecrire  Lorsqu'ils  seroient  separ^s. 
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3*  de  repondre  exactement  a  loutes  les  lettres  ecrittes  par  L'un  ou  par 
L'autre. 

4*  de  n'alleguer  aucunes  raisons  pour  se  dispenser  des  conventions 
cy  dessus  enonc6es. 

En  1 78 1  Madame  Brillon  obligee  de  faire  un  long  Voyage  pour  cause 
de  Sant6,  prit  conge  de  Monsieur  Benjamin  Franklin  avec  une  veritable 
douleur,  il  parut  touche  de  son  depart  Lui  rapella  Leurs  conventions, 
Lui  ecrivit  a  sa  premiere  Station  en  lui  faisant  de  nouveaux  Serments ; 
Madame  Brillon  croyant  d'aprcs  cette  premiere  demarche  que  sa  dette 
etait  assuree,  ecrivit  souvent  a  L'ambassadeur,  il  repondit  d'abord, 
ensuitte  Les  reponses  S'eloignerent,  ensuitte  il  ne  fit  plus  aucunes  re- 
ponses  aux  Lettres  de  Madame  Brillon,  et  n'en  fit  m^me  Qu'une  tres 
courte  au  placet  Le  plus  touchant  que  cette  dame  et  sa  famille  Lui  ad- 
dresserent  dans  leur  detresse,  La  Dame  Brillon  apprit  dans  ce  terns  par 
Monsieur  Le  Veillard  dont  le  temoignage  pent  faire  foi,  que  ce  n'etoit 
pas  fautte  de  tems  de  la  part  du  dit  Benjamin  puisqu'il  avoit  le  Loisir 
de  courtiser  au  moins  deux  Jolies  femmes  par  jour  dans  ses  moments  de 
disette ;  elle  pria  Monsieur  Le  Veillard  de  lui  rappeller  ce  qu'il  lui  de- 
voit  et  de  L'engager  a  suspendre  ses  galanteries  un  quart  d'beure  tous 
Les  quinze  jours  et  payer  petit  a  petit  Les  arerages  du  Fonds  qu*il  doit 
a  Madame  Brillon,  Le  dit  Benjamin  s'avoua  coupable,  mais  ne  paya 
rien  ;  La  Dame  Brillon  pouss6e  a  bout  par  La  recidive  des  torts  de  son 
adversaire  s'est  determinee  a  se  pourvoir  devant  vous  A  ces  Causes  re- 
quiert  La  Suppliante  que  le  dit  Messire  Benjamin  Franklin  soit  con- 
damn6  envers  elle  a  tous  depens,  dommages,  et  interets  qu*il  vous  plaira 
fixer  relativement  aux  Faits  exposes. 

Nous :  oui  m*  D'orengo,  pour  la  dame  Brillon,  et  Maitre  Condu 
nomm6  d'office  pour  Messire  Franklin ;  Le  quel  nous  a  demand^  du 
tems  pour  avoir  des  instructions  de  sa  partie,  leur  avons  donn6  acte  de 
leurs  dires  et  requisitions,  ce  faisant  avons  accorde  un  moi  de  delay  k  La 
partie  de  M*  Condu,  et  cependant  attendu  que  les  plaintes  faittes  par  la 
partie  d'orengo  nous  paraissent  infiniment  justes  et  Equitables,  con- 
damnons  provisoirement  Le  dit  Franklin  a  ecrire  dans  Les  vingt 
quatre  heures  de  la  significations  du  present  arret  une  premiere  Lettre 
Longue,  ou  il  demandera  de  L*indulgence  pour  ses  fautes  passees,  et  six 
Lettres  plus  courtes  (Les  sujets  a  son  choix)  et  pour  les  quelles  lui  ac- 
cordons  six  mois  depens  reserves. 

A  Nice  Le  20  Mars  1782.  Signcs  Le  Comte  de  Mari6  premier  pre- 
sident, Le  Comte  trinquiery  de  St.  Antonin  2*  president,  Langosco,  d* 
Oresti,  Reynardy,  reyberti,  roubiony,  Bataglini,  maccarani,  Leotardy, 
Caravadosy,  Senateurs.     Collation^  Conforme  a  Toriginal. 

Crespeaux  de  Piscatory  Greffrez. 

-^T/te  Franklin  Papers,    Vol,  43,  No,  116. 

Voici,  matr^s  cher  Amie,  une  de  mcs  Plaisanteriesserieuses,  ou  80urdes» 
que  je  vous  envoie,  esperant  qu'elle  pourra  peut6tre  vous  amuser  un  peu. 
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Au  quel  cas,  vous  me  recompenserez  en  me  donnant,  je  n'osc  dire  un 
Baiser,  car  les  votres  sont  trop  precieux,  &  vous  en  6tes  trop  chiche ; 
mais  vous  me  jouerez  un  Noel  &  Texcellent  Marche  des  Insurgents. — 

B.  F. 
Passy,  March  31,  84. 

To  Madame  Brillon. 
The  Franklin  Papers,  Vol,  4^,  No.  iSo, 

Miscellaneous  Letters. 

May  the  6th,  1781. 

Your  dear  delightful  letter  made  me  most  exceedingly  happy ;  par- 
ticularly your  account  of  yourself  as  it  proves  that  you  are  in  good 
spirits  &  pleased  with  your  present  situation :  your  dialogue  with  the 
Gout  is  written  with  your  own  cheerful  pleasantry  &  la  belle  et  la  mau- 
vaise  jambe  recalls  to  my  mind  those  happy  hours  we  once  past  in  your 
society  where  we  were  never  amused  without  learning  some  useful 
truth,  &  where  I  first  acquired  a  taste  pour  la  conversation  badinante  et 
reflechie. 

It  is  long  since  I  have  written  to  my  ever  valued  friend,  but  the  diffi- 
culty I  find  in  conveying  my  letters  safe  to  Passy  is  the  only  motive 
for  my  silence,  strange  that  I  should  be  under  the  necessity  of  con- 
cealing from  the  world,  a  correspondence  which  it  is  the  pride  &  glory 
of  my  heart  to  maintain.    Etc. — Unsigned. 

From  Miss  G.  Shipley. 

TAe  Franklifi  Papers,  Vol,  22,  No,  8. 

Madrid,  9th  July,  1784. 
Dear  Sir : 

The  little  works  you  gave  me  will   soon  appear  in  a 

Spanish  Dress.     If  they  lose  by  the  change  of  costume  I  can  assure 

you  that  it  will  not  be  the  fault  of  the  Translator  who  wishes  to  preserve 

the  true  sense  spirit  &  simplicity  of  the  Original.     Etc. 

Your  Exc.  y*  Obliged  &  Most  Humble 

Serv» 

Wm.  Carmichael. 
7 he  Franklin  Papers,  Vol.  32,  No,  j/. 

Muy  S'  mio.  He  recibido  la  collecci6n  de  obras  miscelanias  pu- 
blicadas  por  VS  junto  con  su  apreciable  Carta  deQ  de  Junio  anterior,  y 
la  advertencia  a  los  emigrantes  a  los  Estados  unidos  de  America :  todo 
por  mano  de  mi  amigo  el  S'.  Carmichael.     Etc. 

su  atento  serv*' 

El  Conde  de  Campomanes 
Madrid,  26  de  Julio  de  1784. 
The  Franklin  Papers,  Vol,  32,  No,  63, 
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Dover,  Saturday  28,  Aug«,  1784. 
Dear  &  Hon*  :  Sir 

After  a  very  disagreeable  Passage,  which  lasted  from  8  last  Night  to 
8  this  Morning,  we  arrived  here  safe.  I  was  sick  the  whole  Passage — I 
think  more  so  than  in  either  going  or  returning  from  America.  Mais 
comme  en  toutes  Choses,  **  il  faut  toujours  regarder  la  Belle  Jambe" — 
I  flatter  myself  with  the  Notion  that  it  will  prove  a  Crise  salutatre,  as 
Mesmers  stiles  it ; — &  which  you  Doctors  have  decided  as  fatale,  or 
very  near  it.  Etc. 
With  the  sincerest  affection  and  Gratitude,  I  am  ever,  Hon'  Sir, 

Your  dutiful  Grandson 

W.  T.  Franklin. 
The  Franklin  Papers,  Vol.  J2,  No.  gj, 

London,  12.  Oct.  1784. 
Dear  &  Hon*  Sir : 

— — ^—  I   gave  M"  Sargent  several  pieces  of  your  Writing, 
who  was   infinitely  pleased  with  them,   &  thinks  the  Dialogue   with 
Mad*  la  Goute,  ought  to  be  publish' d  for  the  Benefit  of  Mankind.    Etc. 
Your  most  dutiful  &  affect*  Grandson 

W.  T.  Franklin. 
TAe  Franklin  Papers,  Vol.  32,  No.  133. 


— — Accept  my  thanks  for  the  pieces  you  sent  me.  every- 
thing written  by  you  is  valuable  to  me.    I  have  lately  had  the  good 
fortune  to  meet  with  a  pretty  good  likeness  of  you  in  profile,  done  at 
Paris. 
With  every  sentiment  of  gratitude  &  respect, 
I  have  the  honor  to  be 

Most  Dear  Sir 
Your  Obliged  &  affectionate  Humble  Serv* 

Amelia  Barry. 
Pisa,  loth  Dec',  1784. 
The  Franklin  Papers,  Vol.  32,  No.  202. 

Chilbolton,  Nov'  13th,  1786. 
I  have  particularly  to  thank  you  for  "  The  art  of  pro- 
curing pleasant  Dreams  "  indeed  it  flatter'd  me  exceedingly  that  you 
should  employ  so  much  of  your  precious  time  in  complying  with  my 
request,  but  where  do  you  read  that  Methusalah  slept  in  the  open  air  ? 
I  have  searched  the  Bible  in  vain  to  find  it.     Etc. 

Affectionately  yours, 

C.  L.  Shipley. 
The  Franklin  Papers,  Vol.  34,  No.  167. 
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Count  sarsfim^-h(Jt>ed  to  receive  to-day  the  collection  of  some  of 
those  little  pieces  which  mr.  franklin  had  promised  to  him  &  which  he 
had  forgot  yesterday. 

he  cannot  help  writing  again  about  them  to  mr.  franklin,  he  is  so  much 
the  more  impatient  of  receiving  them  that  he  is  very  near  his  departure  for 
the  Hague  he  desires  mr.  franklin  never  to  forget  his  most  sincere  and 
devoted  attachment. 

friday  ye  5th  at  night. 

The  Franklin  Papers,  Vol,  43,  No,  2J2, 

Anecdote. 

The  intended  speech  for  the  opening  of  the  first  Session  of  the  present 
Parliament  viz.  Nov'  29,  1774. 

My  Lords  and  Gentlemen  : 

It  gives  me  much  concern  that  I  am  obliged  at  the  opening  of  this 
Parliament  to  inform  you  that  none  of  the  measures  w<*  I  adopted  upon 
the  advice  of  my  late  Pari'*  in  respect  to  the  disturbances  of  my  Ameri- 
can colonies  have  produced  those  salutary  effects,  w***  relying  upon  the 
supposed  wisdom  of  their  deliberations  I  had  been  induced  to  expect. 
I  therefore  sent  that  Pari'*  apacking  rather  abruptly,  &  have  called  you 
in  their  place  to  pick  a  little  advice  out  of  your  wise  heads  upon  some 
matters  of  the  greatest  weight  &  importance  relating  to  a  sort  of  Crusade 
that  I  have  upon  my  hands.  1  must  needs  tell  you  that  the  business  if 
you  choose  to  undertake  it  for  me  will  be  a  seven  or  ten  years  job  at 
least.  You  must  know  then  that  my  ministers  have  put  me  upon  a  pro- 
ject to  undertake  the  reduction  of  the  whole  continent  of  North  America 
to  unconditional  submission.  They  w^  have  persuaded  me  to  coax  you 
into  this  project  by  representing  it  to  you  as  a  matter  very  easily  to  be 
done  in  a  twinkling,  and  to  make  you  believe  that  my  subjects  in 
America  whom  you  have  always  hitherto  considered  as  brave  men  are 
no  better  than  a  wretched  pack  of  cowardly  run  a  ways,  &  that  500  men 
with  whips  w^  make  them  all  dance  to  the  tune  of  Yankey  Doodle  ;  but 
I  w*  tell  you  no  such  thing  because  I  am  very  sure  if  you  meddle  with 
it  that  you  will  find  it  a  very  different  sort  of  business. 

Now  Gentlemen  of  the  House  of  Commons  I  give  you  this  fair 
notice  for  yourselves  &  your  Constituents.  If  you  undertake  this  job, 
it  will  cost  you  at  the  least  farthing  a  good  round  sum  of  40  or  50 
millions ;  40  or  50  thousands  of  your  Constituents  will  get  knocked  on 
the  head  and  then  you  are  to  consider  what  the  rest  of  you  will  be 
gainers  by  the  bargain  even  if  you  succeed.  The  trade  of  a  ruined  & 
desolated  Country  is  always  inconsiderable,  its  revenues  trifling ;  the 
expence  of  subjecting  &  retaining  it  in  subjection  certain  &  inevitable. 
On  the  other  side  sh*  you  prove  unsuccessful!,  sh*  that  connexion  w<*  we 
wish  most  ardently  to  maintain  be  dissolved,  sh*^  my  ministers  exhaust 
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your  treasures  &  waste  the  blood  of  your  Countrymen  in  vain  will  they 
not  deliver  you  weak  &  defenceless  to  your  natural  enemies. 

You  must  know  this  is  not  the  first  time  that  the  Serpent  has  been 
whispering  into  my  ear,  Tax  America.  Cost  what  it  will,  make  them  your 
heavers  of  wood  &  drawers  of  water.  Let  them  feel  that  your  little 
finger  is  thicker  than  the  loins  of  all  your  ancestors.  But  I  was  wiser 
than  all  that,  I  sent  to  L<*  Rockingham  &  the  advice  that  he  gave  me 
was  this,  not  to  burn  my  fingers  in  the  business,  that  it  was  ten  to  one 
against  our  making  any  hand  of  it  at  all,  that  they  were  not  worth 
shearing  &  at  best  that  we  sh**  raise  a  cursed  outcry  &  get  but  little 
wool.  I  shall  remember  his  last  advice  to  me  as  long  as  I  live.  Speak 
good  words  to  them  and  they  will  be  thy  servants  for  ever. 

And  now  my  Lords  and  Gentlemen 

I  have  stated  the  whole  matter  fairly  &  squarely  before  you.  It  is 
your  own  business,  and  if  you  are  not  content  as  you  are,  look  to  the 
rest  for  yourselves.  But  if  I  were  to  give  you  a  word  of  advice  it 
should  be  to  remind  you  of  the  Italian  epitaph  upon  a  poor  fool  that 
kill'd  himself  with  quacking 

Stava  ben,  por  star  me^lio,  sio  qui, 
that  is  to  say.     I  was  well,  I  would  be  better,  I  took  Physick  and  died. 

Unsigned. 

Marked  on  the  reverse  side  of  the  last  sheet : 

D.  Hartley. 

October  3,  '86. 

The  Franklin  Papers,  Vol.  44,  Av.  12. 

My  dearest  sir  : 

I  am  sure  I  shall  tell  you  something  which  you  will  have  no  pleasure 
in  repealing  again,  when  I  inform  you  that  L*  Chatham  is  very  ill 
indeed.  Alarming  symptoms  have  appeared,  and  no  hkelyhood  of  his 
getting  rid  of  them,  as  he  grows  weaker  every  day.  This  intelligence 
is  fresh  from  Hayes,  where  he  now  is.  As  I  am  afraid  this  great  man 
is  dying,  I  think  it  proper  to  give  you  what  I  recollected  in  his  short 
speech  on  the  7th  of  April ;  for  short  it  was,  and  appeared  as  the  mere 
throwing  down  of  the  gauntlet ;  reserving  himself  wholly  for  reply  to 
the  Duke  of  Richmond.     He  said,  he 

**  Was  ill,  but  glad  he  was  not  in  his  grave  when  he  heard  of  giving 
independence.  The  counsel  dastardly  and  pusillanimous.  Was  there 
no  middle  way  ?  Could  not  be  said,  while  country  ruined  by  unretracted 
error.  Was  not  then  for  making  a  rod  to  —  whip  our  own  backs. 
'  **  Would  never  put  his  hands  to  the  back  of  bonds  for  signing  away 
America ;  or  call  princes  to  the  Committee.  America  their  birthright : 
it  was  once  here :  under  a  prince  of  house  of  Brunswick,  how  came  it 
gone  ?  Feared  there  was  something  rotten  near  the  throne  ;  yet  did  not 
mean  ministers  places. 
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'*  Our  case  bad  enough,  but  wished  he  could  see  daylight  in  the  propo- 
sition. France  had  taken  our  trade  our  fairest  flower,  and  it  was 
saying  to  France;  insult  us,  take  all  we  h^ive,  but  don't  make  war 
with  us.  Did  not  indeed  know  the  means  [had  such  as  we  had,  we 
must  use  them]  :  but  if  we  must  die.  would  die  decently.  Had  stood 
irruptions  of  Danes  and  of  Normans,  of  Armada  &  Scotch  rebels. 
Would  not  then  extinguish  and  put  out  the  glories  of  that  throne  (point- 
ing to  it). 

"  Knew  he  should  be  favorably  interpreted : — whatever  else  he  was 
thought,  should  be  thought  sincere." 

These  are  all  the  expressions  that  have  occurred  to  me ;  and  if  a 
variation  was  observed  by  others,  I  have  inserted  it.  I  suppose  you 
know  that  the  debate-writers  for  the  newspapers  are  seldom  very  exact : 
Indeed  they  are  low  people,  hear  indistinctly,  and  know  neither  the 
history  of  men,  parties,  or  opinions ;  and  therefore  are  always  blunder- 
ing. As  to  the  order  of  sentences  it  cannot  be  expected  that  I  should 
preserve  it,  but  I  have  reported  as  faithfully  as  I  could.  His  voice  was 
often  low  and  did  not  then  reach  the  bar.  The  Duke  of  Richmond 
(who  by  the  by  is  greatly  improved,  and  will  make  a  remarkable  figure 
in  this  country,  having  much  English  stuff  in  him,  and  though  not  a 
soaring  mind,  yet  very  capable  of  business  and  detail,  which  he  will 
conduct  with  industry,  honor  &  courage),  the  Duke  of  Richmond  I  say, 
spoke  pretty  well  in  reply,  but  it  was  rather  commonplace,  and  what  had 
chiefly  fallen  from  him  in  former  debates.  There  was  a  little  harshness 
&  sternness  in  it,  which  he  cannot  always  keep  under  even  to  his 
domestics,  but  on  the  whole  it  was  neither  bitter  nor  formidable.  I  had 
observed  Lord  Chatham  shifting  his  crutch  from  one  hand  into  the 
other  once  or  twice,  but  did  not  observe  that  he  made  any  exertion  to 
get  any  thing  out  of  his  pocket,  which  they  tell  me  was  the  case  (feeling 
for  a  handkerchief  with  a  tug ;)  but  on  a  sudden  he  disappeared,  and 
was  carried  out  of  the  house  without  sense,  and  like  a  corpse  ;  and  did 
not  recover  for  almost  an  hour.  He  looked  very  ill  at  coming  in  at  first ; 
but  did  not  speak  so  feebly  as  on  the  30th  of  May,  1777,  when  he  told 

L'*  S to  be  prepared  for  the  worst,  for  he  did  not  know  what  might 

happen.  In  July  or  August  last  he  fell  off  his  horse  in  a  fit,  but  recov- 
ered so  as  to  go  through  much  business  in  the  beginning  of  the  sessions. 
I  think  about  fifteen  or  twenty  voices  cried  out  after  the  bustle  was  over, 
go  on,  go  on  ;  at  which  I  was  hurt ;  and  they  told  me  the  Duke  of 
Richmond  spoke  of  being  obliged  to  attend  his  militia ;  which  is  pos- 
sible enough.  When  L**  Chatham  was  told  by  D'  Addington,  that  the 
Rockinghams  said,  the  Duke  of  Richmond  had  killed  him :  "  Another 
time,"  said  Lord  Chatham,  sternly  and  firmly. 

April  8th  :  L**  Shelburne  came  to  the  house  and  resumed  the  debate ; 
and  made  a  prodigious  impression  upon  the  Duke  of  Richmond  ;  who 
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really  spoke  his  heart  in  the  compliments  he  paid;  and  certainly  it 
was  a  prodigious  speech.  Some  trick  and  play  there  was  in  it ;  or  as 
the  Duke  of  R.  called  them  **  the  honest  arts  of  eloquence,  for  they 
were  honest,  he  said;'*  but  on  the  whole  a  monstrous  deal  of  compre- 
hension, reading,  and  real  solid  eloquence ;  too  rapid  and  sudden  how- 
ever to  be  always  neat  and  without  expletives.  I  shall  trouble  you 
with  none  of  it  except  what  is  material  to  you  as  an  American  and 
negotiator,  and  to  save  him  from  mis-interpretation,  which  has  been  more 
ignorantly  than  industriously  used,  though  some  of  the  latter  kind  has 
taken  place  in  the  a^usf  brought  against  him. 

**  Man  creature  of  regulation ;  is  what  his  government  makes  him. 
A  declaration  of  independence  would  acquit  America  of  thinking  as 
English  men  ;  would  make  separate  interests,  competition  and  hatred. 
Already  asked  for  Canada,  Florida  and  Scotia;  and  then  to  follow 
fishery  and  islands.  Much  property  lost  by  it  to  individuals.  A  vast 
weapon  put  into  hands  of  congress ;  soon  make  minority  into  majority. 
Would  now  give  it  /or  nothing ;  for  nothing  said  in  return  to  the  offer, 
but  that  they  won't  thank  you  for  it.  Not  a  child's  play  with  diadems, 
to  toss  away  a  diadem,  and  hope  to  have  it  back  again  improved. 
Many  of  congress-men  wished  to  serve  their  community;  those  of 
elevated  minds  would  wish  (as  they  ought)  to  have  elevated  stations. 
Was  sure,  however,  the  union  would  be  again  ;  and  the  name  of  English- 
men last,  when  that  of  France  was  rotten.  France  meant  to  dupe  one  and 
hurt  both.  Now  thirteen  republics  ;  republics  peaceful :  would  pay  their 
first  quotas  easily,  as  in  the  scrip,  but  third  and  fourth  payments  would 
drag  heavily.  Prince  Maurice  built  a  citadel  at  Groningen  to  inforce 
payment  of  quotas.  (There  he  said  something  about  an  agrarian  law 
being  as  natural  to  a  republic,  as  entails  to  a  monarchy ;  but  I  forget  the 
application.) 

''  Wished  none  of  the  commissioners  sent :  if  sent,  sent  with  view  to  be 
refused.  Ought  to  do  like  bungling  physicians  :  after  trying  many  things, 
try  nothing ;  see  what  nature  would  do,  nature  enough  in  this  case. 
Leave  them  alone :  they  will  soon  find  what  they  have  lost,  and  in  two 
or  three  years  be  for  sending  commissioners  here. 

''  As  to  France  &  Spain  most  all  despair :  England  had  her  same 
people,  same  private  wealth,  if  properly  taken  care  of  and  confidence 
to  draw  it  forth  from  its  hoardings.  If  we  grown  old,  France  grown  old 
too.    France  &  Spain  vulnerable. 

"  Though  lords  despond,  those  who  know  frivolousness  of  French 
won't  despond,  not  women  even,  who  do  know  it.  France  had  great 
individuals,  so  had  falling  Rome ;  but  nation  refined  in  nothing  but  in 
the  art  of  making  court :  This  the  view  of  all. 

*'  Rupture  with  France  not  instant ;  long'  seen  ;  why  then  surprised  ; 
why  not  so  before  ?    Had  low  spirits  at  times  himself;  men  in  despond- 
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ence  he  knew  had  not  right  judgments.  We  must  appeal  to  the  public ; 
call  out  religion  and  freedom  ;  give  men  something  to  fight  for ;  (The 
present  a  war  of  slavery)  and  follow  a  directing  public. 

"  In  1672  Holland  in  a  worse  state ;  &  offered  to  submit  to  Lewis,  and 
only  Amsterdam  firm.  De  Witz,  like  all  other  great  men  failed  in  not 
knowing  the  extent  of  folly ;  never  thought  Charles  would  let  them 
go ;  yet  Charles  did.  But  still  De  Witz*s  maxim  was,  no  country  ought 
ever  to  give  up  one  point  of  justice  or  reason,  but  oppose  it  from  first. 
De  Witz  not  only  said,  but  did ;  visited  the  fleet,  made  infinite  exer- 
tions, and  was  torn  in  pieces  repeating  the  ode 

"  Justum  and  tenacem  propositi  etc. 

"  Not  true  that  Philip  and  Elizabeth  accomodated  to  each  other.  As 
fast  as  one  assisted  Holland,  the  other  assisted  Ireland ;  and  Armada 
Yi2s  forced  to  delay,  because  Walsingham,  Gresham  &  Sutton  borrowed 
Genoese  bank  money  that  was  to  arm  it.  Here  was  stock-jobbing,  and 
yet  cost  only  40,000.  Wished  these  times  produced  a  Walsingham,  and 
merchants  like  Gresham.  Yet  still  some  spirit  to  his  knowledge  and  did 
not  speak  of  mountains  and  mice. 

**  If  this  point  given  up,  should  be  ashamed  of  London,  still  more  of 
abroad ;  believed  should  retire  to  the  country.  If  danger  followed  him, 
would  do  as  a  traveller  would,  who  found  himself  at  a  tavern  where  a 
company  of  gentlemen  were  attacked  by  ruffians ;  without  interest, 
would  take  his  share. 

**  But  am  asked  a  question  :  Must  we  fight  all  three  ?  Will  answer 
distinctly ;  think  need  only  fight  two  of  them  ;  but  if  necessary,  yes, 
fight  the  three. 

"  On  the  whole,  wished  not  to  be  replied  to  on  the  spot ;  begged  them 
(the  Buckinghams)  to  take  time,  and  weigh.  He  knew  their  worth. 
His  opinions  not  court  opinions :  but  respected  their  unspotted  charac- 
ters and  hoped  their  good  intentions  would  not  aid  the  little  cunning  of 
others  to  ruin  the  country.  Should  unite  against  ministers  :  Not  to  reap 
seed  of  their  sowing,  but  have  reaping  of  seed  of  their  own  sowing. 

Then  followed  a  gtt2X  variety  of  other  matters  relative  to  ministry 
and  their  conduct. 

He  spoke  two  hours,  besides  a  reply  ;  and  was  not  flat  for  a  moment. 
In  his  beginnings  he  is  often  flat,  for  5  or  6  minutes,  though  wonderfully 
improved. 

He  explained  the  expression  of  Lord  Chatham's  not  knowing  the 
means.  But  I  wonder  the  Duke  of  R.  did  not  talk  of  the  instance  of 
irruptions  by  Danes  and  Normans,  as  contrary  to  the  case  to  be  proved. 
Indeed  the  Danes  were  finally  repelled  and  Norman  line  compromised, 
and  m  each  case  the  Kings  were  obliged  to  reside  in  their  conquests ; 
but  the  instances  certainly  very  awkward. 

No  news  that  I  can  communicate.    The  King  and  Queen  will  be  at 
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Portsmouth  on  Friday.  The  Irish  bills  of  course  will  not  pass,  ministry 
not  being  with  them.  Gov'.  Johnstone  had  g^eat  hopes  at  going  out, 
but  they  have  just  heard  here  that  America  is  not  much  inclined  to  ne- 
gotiation, they  say.  I  think  they  tell  us  W.  Hartley  makes  the  20th  am- 
bassador you  have  had.  I  am  very  glad  the  first  time  I  saw  my  friend, 
that  I  had  no  connections ;  and  the  second  time  that  I  scarcely  shewed 
an  inclination  to  hear  what,  if  I  had  been  sent  by  my  connections,  I 
ought  to  have  heard. 

I  think  if  Lord  Chatham  had  remained  well,  that  a  change  of  minis- 
ters would  not  have  been  distant ;  for  they  know  that  he  minds  measures 
more  than  men,  and  rather  has  a  turn  to  take  care  of  national  grandeur 
than  national  liberty,  farther  than  as  the  latter  assists  the  former ;  all 
which  is  in  a  great  degree  true.  Under  him  therefore  they  thought  they 
could  pension  their  creatures  with  sinecure  places,  leaving  him  the 
general  direction. 

Upon  a  conversation  this  morning  with  Col.  B.,  I  find  that  absentees 
will  at  first  be  just  as  safe  as  inhabitants,  personal  care  and  exertion  ex- 
cepted, and  therefore  content  myself  with  getting  a  letter  to  our  gover- 
nor, strongly  desiring  him  to  recommend  our  property  to  protection  of 
the  conqueror,  which  recommendation  he  knows  by  experience  will  be 
attended  to.  But  as  I  wish  to  have  two  securities  where  I  think  them 
possible,  I  shall  beg  the  favor  of  you  to  get  the  same  thing  mentioned  to 
the  parties  concerned  on  your  side,  if  you  think  it  proper ;  but  as  you 
may  not  think  it  proper,  to  make  the  refusal  easy  and  to  prevent  im- 
proper communication  being  expected  I  hope  you  will  never  mention  to 
me  in  any  way,  the  part  you  may  take.  Our  parish  is  that  of  St.  James  : 
I  have  a  brother  named  Charles  on  the  spot.  As  to  our  connections, 
they  are  rank  whig  and  American.  I  know  you  have  nobleness  enough 
to  excuse  this  application ;  and  consider  it  as  not  made  wholly  on  my 
part,  but  for  the  family.  I  am  as  ever,  my  dearest  sir,  your  most  devoted, 
affectionate  and  grateful  

D'.  P.  &  D'.  P8. 
have  had  a  correspondence 
upon  the  latter's  metaphysical 
writings,  which  will  probably  be 
soon  published,  unless  the  distraction  of  the  times 
should  withdraw  attention  to  such  subjects 

I  have  had  some  papers  for  the  Duke  Da    [Piece  torn  out  of  th.e  paper.] 
by  me,  but  they  are  still  in  their  old  state,  and  I 
have  not  had  leisure  to  prepare  them  for  him. — 

April  28,  1778. 

I  dare  say  you  have  many  such  voluminous  correspondents  as  my- 
self:  but  you  see  how  my  pen  runs  to  you. —  The  Franklin  Papers ^  Vol, 
p.  No.  93- 
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Franklin's  Bagatelles. 

The  American  Philosophical  Society  is  the  owner  of  seventy-six 
folio  volumes  of  the  papers  of  Benjamin  Franklin.  Franklin  by  his 
will  left  all  his  books,  manuscripts  and  papers  to  his  grandson, 
William  Temple  Franklin.  Bigelow,  in  his  Life  of  Franklin^  prints 
the  will  (Vol.  3,  p.  476)  and  (p.  466)  a  letter  from  William 
Temple  Franklin,  dated  Philadelphia,  May  22,  lygo,  to  M.  Le 
Veillard,  of  Paris,  the  intimate  friend  of  Franklin,  advising  him 
of  his  grandfather's  bequest.  Later  Temple  Franklin  returned  to 
Europe,  living  in  London  and  Paris,  and  dying  in  London  in 
1823,  and  by  his  will  leaving  to  his  friend,  Charles  Fox,  of  Philadel- 
phia, all  the  Franklin  papers  in  this  country.  These  papers  had 
been  for  many  years  stored  in  the  barn  at  Mr.  Fox's  country  seat 
at  Champlost,  near  Philadelphia.  His  son  presented  them  to  the 
Philosophical  Society  some  sixty  years  ago,  and  here  they  have  been 
kept  ever  since. 

Many  of  them  were  bound  up  in  a  pretty  rough  way,  each 
volume  prefaced  with  a  rough  alphabetical  reference  list ;  many  of 
them  were  left  in  the  original  packages,  bundles  with  little  other 
than  a  crude  chronological  order,  until  quite  recently  our  librarian. 
Dr.  Hays,  had  them  mounted  and  bound  and  lettered.  Little  sys- 
tematic use  has  been  made  of  them,  but  now  it  is  proposed  to 
calendar  them,  and  to  print  these  calendars,  as  the  Lee,  Weedon 
and  Greene  papers  of  this  Society  have  been  printed  by  the  Society, 
so  that  students  may  know  what  they  contain,  and  be  able  to  refer 
to  them  directly  or  through  the  very  competent  staff  of  the  Library  of 
this  Society.  To  their  aid  is  due  the  examination  of  them  for 
traces  of  the  "  Bagatelles,"  written  by  Franklin  and  printed  on  his 
press  at  Passy,  and  I  submit  these  rough  notes  as  showing  the 
variety,  extent  and  importance  of  this  collection.  William  Temple 
Franklin  printed  in  the  fifth  volume  of  his  grandfather's  works 
(second  edition,  London:  Colburn,  1819),  in  the  second  volume 
of  the  Posthumous  and  Other  Writings^  under  the  head  of  "  Baga- 
telles" (Sec.  3,  pp.  216  to  298),  the  following  headnote  :  "The 
letters,  essays,  etc.,  contained  in  this  section  were  chiefly  written 
by  Dr.  Franklin  for  the  amusement  of  his  intimate  society  in  Lon- 
don and  Paris,  and  were  by  himself  actually  collected  in  a  small 
portfolio,  endorsed  as  above.  Several  of  the  pieces  were  either 
originally  written  in  French,  or  afterwards  translated  by  him  into 
that  language  by  way  of  exercise."     Then  follow  : 
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1.  The  Levee. 

2.  Proposed  New  Version  of  the  Bible. 

3.  Apologue  (written,  says  a  footnote,  at  the  period  of  and  in 
allusion  to  the  claims  of  the  American  Royalists  on  the  British 
Government). 

4.  To  Miss  Georgianna  Shipley,  dated  London,  September  a6, 
1772,  with  an  epitaph  on  her  American  squirrel. 

5.  The  Art  of  Procuring  Pleasant  Dreams. 

6.  The  Ephemera,  an  Emblem  of  Human  Life  (written  in  1778, 
to  Mme.  Brillon,  of  Passy). 

7.  The  Whistle  (to  Mme.  Brillon,  Passy,  November  10,  1779). 

8.  The  Petition  of  the  Left  Hand. 

9.  The  Handsome  and  Deformed  Leg. 

10.  Morals  of  Chess. 

11.  Conte  (with  a  translation),  a  Tale. 

12.  Dialogue  between  Franklin  and  the  Gout  (dated  midnight, 
October  22,  1780). 

13.  To  Mme.  Helvetius,  at  Auteuil. 

14.  A  Madame  Helvetius  (in  French,  with  a  translation  into 
English). 

15.  Trds  humble  Requete  Pr^sentde  a  Madame  Helvetius  par  ses 
Chats  (with  translation). 

16.  Am.  L'Abb^  de  la  Roch,  it  Auteuil  (with  translation). 

17.  Am.  L'Abb^  Morellet,  Passy  (with  translation). 

In  Vol.  I,  p.  410,  of  The  Memoirs  of  the  Life  and  Writings  of 
Franklin y  Philadelphia,  181 8,  published  by  William  Duane,  is  the 
following  from  the  Introduction  to  the  Life  and  Works,  by  his  grand- 
son, William  Temple  Franklin  :  "  Notwithstanding  Dr.  Franklin's 
various  and  important  occupations,  he  occasionally  amused  himself 
in  composing  and  printing,  by  means  of  a  small  set  of  types  and 
a  press  he  had  in  his  house,  several  of  his  light  essays,  *  Baga- 
telles,' or  jeux  d'esprit,  written  chiefly  for  the  amusement  of  his 
intimate  friends."  Among  these  were  the  supplement  to  the 
Boston  Chronicle  of  March  17,  1782,  which  is  reprinted  ;  Franklin, 
m  his  letter  dated  Passy,  July  7,  1782,  enclosed  a  copy  to  his  friend 
Mr.  Hutton  in  London.  Clearly  Franklin  took  care  that  his 
political  satires  should  be  read  far  beyond  the  circle  of  his  friends 
in  Paris,  and  they  were  spread  broadcast  in  the  newspapers. 

Ford,  in  the  Introduction  to  his  Franklin  Bibliography,  says: 
•'Sent  in  1776  by  the  Congress  to  France,  his  pen  was  soon  at 
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work,  not  merely  on  the  routine  addresses,  memorials  and  letters 
intended  to  persuade  the  French  Government  or  inform  that  at 
home,  but  in  satires  on  the  English  methods  of  conducting  the  war, 
use  of  the  Indians,  Hessians,  etc.;  in  exposing  the  financial  straits 
and  impending  ruin  of  that  country,  and  in  urging  the  advantage 
of  loans  to  America ;  while  there  is  good  authority  for  ascribing  to 
him  the  partial  editing  of  a  periodical  which  was  intended  to 
influence  the  French  people  in  favor  of  the  American  cause,  and 
prepare  them  for  the  treaties  of  amity  and  alliance  to  which  Frank- 
lin eventually  set  his  name.  It  was  during  his  nine  years'  service 
in  France  that  he  also  wrote  most  of  what  have  been  since  known 
as  the  '  Bagatelles ' — little  essays  on  many  subjects,  composed 
for  the  amusement  of  '  la  soci^t^  choisie  de  Franklin.'  They  were 
written  in  his  happiest  vein,  fifteen  or  twenty  copies  printed  on  his 
private  press  at  his  home  in  Passy  for  the  little  circle  for  whom 
they  were  intended."  A  little  later  Mr.  Ford  says :  *'  The  writings 
of  Franklin  will  never  be  complete.  His  known  or  recognizable 
periodicals  and  contributions  to  periodicals,  not  in  the  two  great 
collections  of  his  writings  [no  doubt  Mr.  Ford  refers  to  Sparks  and 
Bigelow],  would  still  only  be  a  portion,  though  a  large  one,  of  what 
he  wrote." 

Now  if  so  industrious  a  collector  as  Mr.  Ford  thus  writes  of 
Franklin's  '*  Bagatelles,"  it  must  be  that  he  thought  research 
as  to  their  number  and  time  of  printing  was  exhausted.  Yet 
the  American  Philosophical  Society,  founded  by  Franklin  and 
his  associates  of  the  Junto,  is  to-day  in  the  possession  of  the  largest 
collection  of  his  papers,  and  we  are  naturally  interested  in  trying 
to  answer  these  questions:  When  and  where  did  Franklin  write 
his  **  Bagatelles  "  ?  How  many  copies  of  each  did  he  print,  and  what 
has  become  of  them  ?  It  is  customary  to  evade  answering  such 
inquiries  by  saying  that  Franklin  was  careless  as  to  his  papers,  yet 
the  large  collection,  over  seventy  great  folio  volumes,  of  Franklin 
Papers  in  the  Library  of  the  Philosophical  Society,  shows  that  he 
at  least  knew  the  value  of  the  letters  addressed  to  him,  and  in  this 
collection  they  are  preserved.  Then,  too,  it  is  customary  to  charge 
William  Temple  Franklin  with  indifference  to  his  grandfather's 
memory  and  fame,  yet  Mr.  Stevens  rescued  from  oblivion  and 
destruction  a  great  mass  of  papers,  now  the  property  of  the  United 
States,  and  carefully  preserved  in  the  Department  of  State. 

Prof.  McMaster,  in  the  fifth  volume  of  his  history,  pp.  294-297, 
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gives  a  graphic  account  of  the  bitter  feud  over  William  Temple 
Franklin,  and  his  tardy  publication  of  the  works  of  his  illustrious 
grandfather:  **  Shortly  after  Franklin's  papers,  under  his  will  and 
after  his  death  in  1 790,  came  into  the  possession  of  William  Temple 
Franklin,  the  latter  announced  the  publication,  called  for  those  that 
were  scattered  in  other  hands,  and  yet  allowed  twenty-seven  years 
to  pass  before  he  fulfilled  his  promise.  Meanwhile  bookmakers, 
reviewers  and  newspaper  critics,  weary  at  the  delay,  abused  him 
roundly.  In  those  days  if  anything  went  wrong  in  our  country, 
and  the  reason  was  not  easy  to  find,  it  was  customary  to  ascribe  the 
evil  to  the  action  of  Great  Britain.  Why  the  promised  edition  of 
Franklin's  writings  was  not  forthcoming,  though  a  decade  and  more 
had  passed  since  his  death,  was  unaccountable.  It  must  therefore 
be  due  to  the  malignity  of  Great  Britain,  to  whom  Temple  Frank- 
lin was  now  openly  accused  of  having  sold  himself.  The  charge 
was  first  made  by  the  National  Intelligencer^  a  Jeffersonian  news- 
paper published  in  Washington.  The  public,  said  the  editor,  is 
tired  with  waiting  for  the  appearance  of  Dr.  Franklin's  works. 
Something  is  wrong.  An  ugly  rumor  is  afloat  that  the  great  man's 
papers  will  never  be  published.  It  is  time  for  his  descendants  to 
explain.  No  explanation  was  made,  whereupon  the  National  Intel- 
ligencer rtinxned  to  the  charge  in  1804.  Silence,  said  the  editor, 
had  given  the  charge  increased  weight.  More  than  eight  years  ago 
assurances  were  given  repeatedly  that  an  edition  was  to  appear  at 
the  same  time  in  Europe  and  America.  Why  has  it  not  app>eared  ? 
Some  say  because  Mr.  Temple  Franklin  sold  his  copyright  to  a 
London  bookseller,  who  in  turn  sold  it  for  a  much  greater  sum  to 
the  British  Government,  in  order  that  the  papers  might  be  sup- 
pressed. This  plain  statement  seems  to  have  had  some  effect,  for 
the  next  year  William  Duane,  editor  of  the  Aurora,  and  husband 
of  the  widow  of  Benjamin  Franklin  Bache,  advertised  for  subscrip- 
tions to  a  three-volume  edition  of  Franklin's  works ;  but  even  this 
dragged  on  for  thirteen  years,  when,  instead  of  three,  six  volumes 
had  been  issued.  The  first  volume  appeared  in  1808  ;  the  last  in 
1818.  The  charge  of  suppressing  once  started  in  this  country 
crossed  the  Atlantic,  and  in  1806  appeared  in  the  preface  to  a 
three- volume  edition  of  Franklin's  writings,  edited  by  his  old  friend, 
Benjamin  Vaughan,  at  London,  the  preface  dated  April  7,  1806. 
When,  says  Vaughan,  Temple  Franklin  thought  his  manuscript 
ready  for  the  press,  he  offered  it  to  the  London  printers,  but  his 
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terms  were  too  high.  The  printers  demurred,  and  nothing  more 
has  been  heard  of  the  offer.  *  The  reason  is  plain :  The  pro- 
prietor, it  seems,  has  found  a  bidder  of  a  different  description  in 
some  emissary  of  Government,  whose  object  is  to  withhold  the 
manuscripts  from  the  world,  not  to  benefit  it  by  their  publication, 
and  they  were  either  passed  into  other  hands  or  the  person  to 
whom  they  were  bequeathed  received  a  remuneration  for  sup- 
pressing them.'  The  Edinburgh  Review  (July,  1806)  sifted,  denied 
and  pronounced  the  accusation  foolish.  But  it  again  crossed  the 
Atlantic,  and  was  once  more  set  afloat  by  the  American  Citizen^  a 
newspaper  published  in  New  York.  '  William  Temple  Franklin,' 
said  the  writer,  *  without  shame,  without  remorse,  mean  and 
mercenary,  has  sold  the  sacred  deposit  committed  to  his  care  by 
Dr.  Franklin  to  the  British  Government.  Franklin's  works  are 
lost  to  the  world  forever.'  Idle  as  the  story  was,  it  would  not 
down,  but  was  next  taken  up  by  a  Paris  journal  called  The  Argus,  or 
London  Review  (March  28,  1807),  in  which  it  is  quite  likely  the 
slander  for  the  first  time  reached  the  eyes  of  Temple  Franklin.  He 
promptly  branded  the  charge  as  false,  the  editor  accepted  his  state- 
ment as  final,  the  London  Chronicle  republished  it,  and  through 
this  channel  the  denial  tnade  its  way  back  to  the  United  States, 
where  respectable  journals  reprinted  it  and  respectable  men  went 
on  disbelieving  it,  till  Franklin  began  to  issue  his  volumes  in  181 7. 
Even  then  there  were  some  who  remained  unconvinced,  and  as  late 
as  1829  it  was  reiterated  by  the  publication  of  Jefferson's  Anas, 
Such  delay  in  the  case  of  most  men  would  have  been  fatal  to  the 
success  of  the  book,  but  nothing  could  dim  the  popular  interest  in 
Franklin  the  world  over.  Since  his  death  in  1790  there  had  been 
published  twenty-eight  editions  of  such  of  his  writings  as  could 
be  collected,  thirty-three  editions  of  his  life  in  English  and  thir- 
teen in  French,  some  twenty  editions  of  Father  Abraham's  Speech 
and  The  Way  to  l^ealth,  besides  innumerable  reprints  of  his 
famous  tracts  and  pamphlets.  The  writings  of  no  other  American 
were  so  scattered  over  Europe.  Save  Irving  and  Cooper,  no  other 
American  writer  had  yet  approached  him  in  fame,  even  in  Eng- 
land."    • 

Thus  many  of  Franklin's  own  writings  were  preserved  by 
William  Temple  Franklin  and  printed  in  his  editions  of  Franklin's 
works,  and  after  many  years  of  oblivion,  they  were  rescued  by  Mr. 
Stevens  and  sold  by  him  to  the  Government  of  the  United  States. 

FROC.  AMER.  FHIL06.  80C.  XL.  166.  I.      PRINTED  JULY  28,  1901. 


126  ROSENGARTEN — FRANKLIN'S  BAGATELLES.         [May  17, 

In  that  collection  there  are  the  original  manuscripts  of  two  of  the 
"Bagatelles;"  there  are  others  in  the  American  Philosophical 
Society,  reproduced  in  the  earlier  pages  of  this  paper.  With  these 
exceptions,  nothing  is  known  of  the  fate  of  the  original  manuscripts 
of  the  others  of  this  interesting  series  of  Franklin's  papers. 

Sparks  prints  in  the  second  volume  of  his  works  of  Franklin  seven- 
teen of  them,  the  first  of  them,  The  Levee y  with  a  note  by  William 
Temple  Franklin :  "  This  was  one  of  several  articles  written  by 
Franklin  for  the  amusement  of  his  friends,  and  found  in  a  port- 
folio endorsed   '  Bagatelles.'  ' ' 

Bigelow  prints,  in  Vol.  6  of  his  works  of  Franklin,  The  Ephemeray 
an  Emblem  of  Human  Life,  addressed  to  Mme.  Brillon ;  The 
Whistle y  addressed  to  Mme.  Brillon,  and  others  of  these  "  Baga- 
telles." There  is  an  original  draft  of  part  of  the  second,  in  Frank- 
lin's handwriting,  in  Vol.  50  of  the  Franklin  Papers  in  the  Philo- 
sophical Society's  collection. 

Ford,  in  his  Bibliography,  says:  '*Ofthe  'Bagatelles'  printed 
by  Franklin  on  the  press  which  he  set  up  in  his  house  at  Passy,  only 
one,  so  far  as  I  can  learn,  No.  345  [the  fictitious  supplement  to  the 
Boston  ChronicW],  has  been  preserved,  and  so  my  authority  for 
giving  such  editions  of  The  EphemerOy  The  Whistle y  the  Dialogue 
between  Franklin  and  the  Gouty  and  Advice  to  Those  Who  Would 
Remove  to  Americay  is  derived  from  the  statement  of  the  editor  of 
The  Way  to  Wealthy  Paris,  1795." 

Mr.  Ford's  best  contribution  is  his  long  list  of  reproductions 
of  these  "Bagatelles,"  e,  g.y  The  Whistle y  in  Burlington  in 
1792,  at  Paris  in  1795,  Newcastle,  1810  and  1818  ;  Paris,  1831. 
As  to  his  statement  that  only  one  original  copy  of  any  of  the 
"  Bagatelles  "  is  known,  it  may  be  said  that  the  large  and  little 
known  collection  of  the  Philosophical  Society  has  the  printed 
originals  of  La  Belle  et  la  Mauvaise  Jambey  Passy,  1779,  ^"^^  o^ 
the  "Bagatelles,"  and  of  the  supplement  to  the  Boston  Chron- 
icUy  in  two  editions,  one  with,  the  other  without  the  John  Paul 
Jones  letter.  This  is  the  famous  skit  in  which  there  is  a  pre- 
tended proclamation  by  the  British  offering  rewards  for  scalps 
of  whites;  it  is  an  answer  to  a  similar  production  issued  in 
England,  only  with  the  parts  reversed;  it  had  a  great  vogue, 
and  was  reproduced  throughout  Europe  and  America,  just  as 
was  Franklin's  pretended  letter  of  the  Elector  of  Hesse-Cassel. 
"Undoubtedly   these  were    both  prepared   with    a  view  of   inAu- 
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encing  contemporary  European  opinion  in  favor  of  the  American 
colonies  in  their  straggle  for  independence,  and  both  were  copied 
in  the  innumerable  newspapers  and  news-letters  issued  in  Holland 
and  Brussels  and  throughout  Europe. 

Parton,  in  his  Franklin^  says,  at  p.  235  of  Vol.  2  :  "To  promote 
the  loan  ordered  by  Congress,  Franklin  wrote  an  ingenious  piece, 
which  he  caused  to  be  translated  into  Dutch,  French,  Spanish  and 
Italian,  and  sent  to  the  moneyed  capitals  of  Europe  ;*'  and  again, 
another  **  money  article  he  wrote  at  this  time,  entitled  *  A  Cate- 
chism Relative  to  the  English  National  Debt.'  "  *' Another  piece 
of  Franklin's  fun  bears  date  at  this  time,  *A  Dialogue  between 
Britain,  France,  Spain,  Holland,  Saxony  and  America.'  "  Parton 
also  says :  **  It  was  for  Mme.  Brillon  that  he  wrote  the  letter  with 
the  story  of  paying  too  dear  for  The  Whistle  and  his  amusing 
piece  upon  The  Ephemera^  which  was  copied  and  recopied  so  often 
in  Paris  that  it  became  as  well  known  as  though  published.  The 
Petition  of  the  Left  Handy  The  Handsome  and  Deformed  Legy 
Morals  of  ChesSy  Dialogue  between  Franklin  and  the  Gouty  and 
other  witty  effusions  of  this  period  were  written  for  the  amusement 
of  the  circle  that  met  twice  a  week  at  Mme.  Brillon's.  These 
pieces  were  probably  composed  in  English  by  Franklin  and 
translated  into  French  by  some  member  of  the  company."  Parton 
says:  **  In  his  house  at  Passy  Franklin  had  a  small  printing  press 
and  fonts  of  type,  with  which  he  printed  copies  of  the  *  Baga- 
telles.'" 

Ford,  in  his  Many-sided  Franklin  (p.  218),  says :  "  In  his  own 
home  he  (Franklin)  set  up  a  press  and  types,  all  of  which  he  or 
his  servants  cast."  In  Bigelow's  Works,  Vol.  6,  p.  474,  there  is  a 
letter  from  Franklin  of  October  29,  1779,  ^o  Fizeaux  and  Grand, 
saying  *'  eight  boxes  of  printing  characters  are  sent  from  Londoa 
to  your  care  for  me,"  and  directing  that  they  be  insured  for  ;£'ioo,. 
via  Rouen.  Ford  says:  "These  printing  materials  Franklin 
brought  with  him  to  America,  on  his  return  from  France,  and 
used  them  to  establish  his  grandson,  B.  F.  Bache,  in  business  as  a 
printer."  Bigelow,  in  his  Life  of  Franklin,  Vol.  3,  pp.  375^  and 
Cy  prints  Franklin's  certificate,  dated  Philadelphia,  February  25, 
1786,  that  "the  printing  types  with  which  he  furnished  Mr. 
Francis  Child,  contained  in  fifteen  boxes,  marked  B.  F.,  Nos.  9, 
10,  23,  24,  25,  26,  27,  28,  32,  33,  38,  S3,  54,  59,  60,  were  made 
in  my  house  at  Passy,  by  my  servants,  for  my  use,  and  were  never 
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the  property  of  any  European  letter  founder,  manufactuxer  or  mer- 
chant whatsoever."  Bigelow  also  gives  at  the  same  place  a  trans- 
lation of  a  letter  from  Mme.  Helvetius  to  Franklin,  dated  July, 
1787,  and  the  original  from  the  Franklin  Papers  in  the  American 
Philosophical  Society.  In  the  collection  in  Washington,  the 
remains  of  that  of  William  Temple  Franklin,  rescued  by  Stevens 
from  oblivion,  are  the  two  manuscript  "Bagatelles"  on  Per- 
fumes and  on  Marriage ;  these  were  reprinted  by  Stevens  in 
handsome  style  in  London  in  1881,  copies  on  vellum  were  also 
produced.  Henry  Stevens  fondly  imagined  that  his  copy  of  the 
supplement  to  the  Boston  Chronicle  was  unique,  but  the  collection 
of  the  Philosophical  Society  shows  that  both  Stevens  and  Ford 
were  ignorant  of  the  extent  of  the  Franklin  papers  preserved  here, 
now  in  process  of  careful  examination,  and  likely  to  add  to  the 
material  for  a  better  knowledge  of  Franklin's  literary   activity. 

Even  Mr.  Ford's  exhaustive  Bibliography,  as  the  author  admits, 
does  not  give  us  all  that  Franklin  wrote  and  printed,  nor  all  of  the 
numerous  republications.  Franklin  himself,  it  is  said,  corrected 
the  proofs  of  Vaughan's  edition  of  his  works,  printed  in  London  in 
1779,  ^^^  ^^^^^  ^^^^  ^^^^  he  wrote  and  printed  many  of  his  cleverest 
skits.  In  a  book  published  in  Paris  in  1818,  Correspondence 
Secrete y  Franklin,  in  a  letter  to  Mrs.  Thompson,  dated  Paris, 
February  8,  1777,  speaks  of  "  Ces  Bagatelles,"  so  it  must  have 
been  even  then  a  favorite  word  with  him.  In  the  same  volume 
there  is  a  note  to  the  "Bagatelle,"  Visite  aux  Champs  Eiysie^ 
addressed  to  Mme.  Helvetius:  "  Cette  lettrea^td  6crite  en  fran^ais 
par  Franklin.'* 

The  extent  of  Franklin's  knowledge  of  how  to  speak  and 
write  French  accurately  has  frequently  been  discussed,  and  he 
certainly  availed  himself  of  a  good  deal  of  license  in  his  pretended 
Letter  from  the  Elector  of  Hesse-Cassel,  although  of  course 
the  joke  was  a  good  deal  heightened  by  pretending  that  that  German 
Prince  was  no  better  master  of  the  French  language  than  Franklin. 
It  is  of  this  skit  that  Franklin  wrote,  on  May  i,  1777,  to  John 
Winthrop  (the  Professor  of  Natural  History  in  Harvard):  "I 
send  enclosed  one  of  the  many  satires  that  have  appeared  on 
this  occasion  " — /.  ^.,  the  conduct  of  those  Princes  of  Germany 
who  have  sold  the  blood  of  their  people  to  Great  Britain  to 
be  used  in  opposing  the  Americans  in  their  effort  to  achieve 
their  independence.     It    is  a  curious    coincidence   that   in  this 
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satire  Franklin  makes  the  Count  de  Schaumburg  (his  pseudonym 
for  the  hereditary  Prince  of  Hesse)  write  to  Baron  Hohendorff, 
commanding  the  Hessian  troops  in  America,  and  that  among  the 
letters  addressed  to  Franklin,  and  preserved  in  the  large  collection 
of  his  papers  in  the  Philosophical  Society,  is  one  dated  Feb- 
ruary 25,  1778  (No.  130,  Vol.  8),  from  C.  M.  Hillegas,  at  York 
Town,  introducing  Baron  de  HoltzendorfT,  and  later  one  from 
Baron  HoltzendorfT,  dated  Paris,  September  11,  1779,  asking  for 
an  interview. 

It  is  a  good  answer  to  the  charge  that  Franklin  was  careless 
as  to  his  papers,  that  he  preserved  apparently  everything  addressed 
to  him  and  everybody  wrote  to  him.  This  collection  is  now 
being  carefully  indexed,  so  that  hereafter  there  may  be  still  more 
thorough  knowledge  of  Franklin's  busy  life. 

Stevens,  in  his  pamphlet  on  his  collection  sold  to  the  United 
States  Government,  says  that  Franklin's  essays  were  printed  in  a 
pirated  edition  by  Buisson  in  Paris  in  1791,  and  in  London  in 
1793  by  Parsons  in  one  volume,  and  by  Robinson  in  two,  both 
from  the  French  of  Buisson,  which  was  itself  a  translation  from 
Franklin's  originals.  It  is  hard  to  find  out  what  became  of  these. 
Were  they  used  by  Castera  in  his  edition  of  Franklin's  writings, 
published  by  Buisson  in  Paris  in  1797,  or  did  they  share  the  fate 
of  the  originals  used,  it  is  charged,  by  William  Temple  Franklin 
as  "printer's  copy"  for  his  edition,  published  in  London  in 
181 7,  in  an  8vo  edition  in  six  volumes,  and  a  quarto  edition  in 
three  volumes,  and  by  Duane  in  Philadelphia  in  18 18  in  six 
volumes  8vo  ?  Both  Temple  Franklin  and  Duane  must  have  had 
access  to  the  originals,  and  yet  what  survived  of  the  Temple 
Franklin  collection,  which  passed  through  Stevens  to  the  library 
of  the  State  Department  at  Washington,  contains  only  two  manu- 
script "  Bagatelles,"  although  Stevens,  in  his  pamphlet  descrip- 
tion, says  his  collection  contains  original  manuscripts  by  Franklin, 
his  essays,  miscellaneous  writings,  squibs,  bagatelles,  etc.;  but 
Stevens  was  mistaken  in  supposing  that  his  was  a  unique  copy  of 
the  pretended  supplement  to  the  Boston  Chronicle^  and  he  ignored 
or  was  ignorant  of  the  copies  of  Franklin's  "Bagatelles"  in  New 
York  and  Philadelphia.  Still  it  remains  a  mystery  yet  unsolved  as 
to  what  became  of  most  of  the  originals,  or  of  the  few  copies 
printed  on  Franklin's  Passy  press.  Even  if  only  enough,  ten  or  a 
dozen,  were  all  that  he  printed  for  his  friends  there,  it  seems  un- 
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likely  that  he  would  have  destroyed  the  originals,  or  that  his  friends 
would  have  destroyed  the  printed  copies,  even  then  rare  enough  to 
be  precious. 

The  republication  throughout  Europe  and  America  of  his 
political  squibs  was  clearly  part  of  Franklin's  constant  and  suc- 
cessful effort  to  enlist  allies  for  America,  and  to  increase  the 
hostility  to  England  in  France  and  Spain,  in  Holland  and  Ger- 
many, and  in  England  itself.  It  is  a  question  whether  Franklin 
included  in  his  '*  Bagatelles  "  the  political  squibs  which  he  fired 
with  such  telling  effect  among  the  enemies  of  his  country,  and 
with  such  success  in  making  friends  for  it.  His  experience  in  fill- 
ing his  newspaper  and  his  almanac  with  clever  jeux  d'esprit  stood 
him  in  good  stead  in  Paris,  and  he  reproduced  many  of  them  for 
the  amusement  of  his  French  friends,  who  were  ready  to  accept 
with  delight  everything  that  he  printed.  It  would  be  of  interest  to 
discover  somewhere  a  complete  list  of  his  "Bagatelles,"  and  to 
learn  in  what  succession  they  were  written,  and  how  many  were 
printed,  to  whom  they  were  given,  and  what  has  become  of  them. 

The  collection  of  the  Franklin  Papers  in  the  Philosophical  Society 
contains  original  **  Bagatelles  *'  in  Franklin's  handwriting,  and 
translations  apparently  by  M.  Brillon,  "un  savant,"  and  by  Mme. 
Brillon,  who  calls  herself  **une  femme  qui  n'est  point  savante." 
Then,  too,  it  has  innumerable  letters  from  Mme.  Brillon  and  her 
family,  with  many  discussions  over  Franklin's  French  and  over  the 
translations.  One  letter  declines  a  proposal  by  William  Temple 
Franklin  for  the  hand  of  one  of  the  Brillon  daughters,  and  next  to 
it  is  the  notice  of  the  wedding  of  Mdlle.  Brillon.  The  cor- 
respondence of  Franklin  and  Mme.  Brillon  is  characteristic  alike 
of  the  writers  and  of  the  time  in  which  they  lived,  and  it  shows 
how  readily  Franklin  took  his  part  in  the  life  of  Paris  of  his  day. 
Sparks  was  too  serious  to  care  for  these  pleasing  trifles,  and  too 
solemn  to  print  even  Washington's  familiar  phrases  or  Franklin's 
light  and  incautious  wit;  later  historical  students  have  censured 
Sparks  for  his  endeavor  to  give  to  the  great  men  of  our  history  a 
sort  of  classical  pose,  as  if  they  were  not  mortals  with  average 
human  failings.  He  had  access  apparently  to  much  material  that 
he  did  not  print,  as  being  below  his  high  standard  of  historical 
dignity.  Nowadays  we  are  only  too  anxious  to  get  at  these  great 
men  as  they  were  in  everyday  life,  and  lo  rescue  from  oblivion  all 
they  said  and  wrote,  even  Franklin's  most  risky  and  unrestrained 
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license  with  his  ready  pen.  Bigelow  has  labored  hard  to  restore 
Franklin's  Autobiography  as  he  wrote  it,  and  not  as  it  was  printed 
with  corrections  from  the  hand  of  Temple  Franklin  and  his  co- 
laborers  in  editing  it.  Ford  and  McMaster  and  Fisher  .  have 
endeavored  to  set  before  their  readers  the  real  Franklin,  and  Parton 
dwells  affectionately  on  his  life  in  Paris,  where  he  was  the  centre  of 
a  group  of  admirers,  who  carried  their  flattery  to  a  point  that 
shocked  his  sober-minded  colleagues. 

It  was  characteristic  of  Franklin  that  he  used  his  position  as  a  man 
of  science  and  as  a  man  of  letters  to  advance  the  interests  of  his  coun- 
try, to  forward  its  cause,  and  to  cement  that  alliance  which  secured 
for  the  American  colonies  the  vast  resources  of  the  French  Govern- 
ment, its  army,  its  navy,  and  its  representatives,  Lafayette,  Rocham- 
beau  and  the  many  other  gallant  soldiers  and  sailors,  who  both  by 
their  deeds  and  by  their  writings  helped  to  make  the  young  republic 
known  abroad,  and  to  bring  here  many  of  those  who  have  contributed 
its  best  elements  to  our  population.  The  friends  of  Franklin  in  Paris 
included  Voltaire,  Hume,  Turgot,  Marmontel,  d'Holbach,  Le  Roy, 
the  Abbe's  Morellet  and  La  Roche ;  all  these  are  mentioned  in  the 
letter  to  the  last  printed  in  Vol.  5,  p.  283,  of  the  edition  of  his 
works,  London,  1819.  Then  Mme.  Helvetius,  Mme.  Brillon  and 
a  number  of  other  clever  women  belonged  to  the  little  knot  of  his 
intimate  friends  for  whom  these  **  Bagatelles  "  were  written.  In 
the  voluminous  collection  of  Franklin's  Papers  in  the  Library  of  the 
American  Philosophical  Society  are  evidences  of  the  care  with 
which  he  preserved  his  papers.  These  show  the  pains  he  took  to 
have  his  '*  Bagatelles  **  translated  into  French  good  enough  to 
withstand' ^he  criticism  of  his  French  friends,  while  he  no  doubt 
sought  in  this  way  to  improve  his  own  knowledge  and  mastery  of 
the  French  language,  so  that  he  could  both  write  and  speak  it. 
Thus  in  Vol.  45,  No.  149)^,  is  a  draft  of  a  letter,  on  the  right  in 
English,  on  the  left  in  French,  but  the  latter  corrected  in  red  ink 
in  another  hand  than  that  of  the  first  draft  of  the  translation ;  it 
is  dated  Passy,  November  16,  1779,  ^^^  ^^  The  Story  of  the  Whistle^ 
which  has  passed  into  the  popular  use  of  all  reading  people  of  all 
countries.  Under  date  of  April  8, 1 784  (Vol.  45,  No.  181)  is  a  letter 
to  Mme.  Brillon,  enclosing  copies  of  *'  Bagatelles,'*  and  his  cor- 
respondence with  her  is  largely  preserved  in  one  of  these  seventy 
bulky  volumes.  Another  "Bagatelle,"  The  Efhemera^  in  Vol.  50, 
No.  39^,  is  in  two  manuscript  versions  in  French,  perhaps  by  M. 
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and  Mme.  Brillon  ;  these  were  apparently  carefully  studied  by 
Franklin,  who  noted  the  variances  and  chose  carefully  the  version 
printed  at  his  own  press,  and  afterwards  by  his  grandson,  Temple 
Franklin,  in  what  may  be  called  the  authoritative  edition  of  his 
works.  Some  of  them  were  printed  in  Vaughan's  London  edition 
of  his  writings,  of  which  he  is  said  to  have  corrected  the  proofs. 
Some  of  them  were  printed  in  the  editions  of  his  writings  issued 
in  Paris  soon  after  his  dearth.  All  of  them  (with  the  exception  of 
the  two  still  preserved  in  manuscript  in  Washington,  and  printed 
by  Stevens  in  London  and  reprinted  in  Paris)  are  in  Sparks  and 
Bigelow's  editions,  and  a  long  list  of  reproductions  fills  a  good 
many  entries  in  Ford's  Franklin  Bibliography. 

In  his  True  Benjamin  Franklin^  P-  iS5>  Mr.  Fisher  says :  "  He  has 
himself  told  us  of  the  source  of  one  of  his  best  short  essays,  The 
Ephemera^  a  beautiful  little  allegory,  which  he  wrote  to  please  Mme. 
Brillon  in  Paris.  In  a  letter  to  William  Carmichael,  of  June  1 7,  1 780 
(Bigelow's  Life  of  Franklin^  Vol.  2,  p.  509),  he  describes  the  circum- 
stances under  which  it  was  written,  and  says  that  *'  the  thought  was 
partly  taken  from  a  little  piece  of  some  unknown  writer,  which  I  met 
with  fifty  years  since  in  a  newspaper."  And  at  p.  327  Mr.  Fisher 
says :  *'  For  Mme.  Brillon  Franklin  wrote  some  of  his  most  famous 
essays,  The  Morals  of  Chess,  The  Dialogue  between  Franklin  and 
the  Gout,  The  Story  of  the  Whistle,  The  Handsome  and  De- 
formed  Leg,  and  the  Petition  of  the  Left  Hand,**  and  he  again 
refers  to  the  letter  to  Carmichael,  in  which  Franklin  writes  :  **  En- 
closed I  send  you  the  little  piece  you  desire  \_The  Ephemera"].  To 
understand  it  rightly,  you  should  be  acquainted  with  some  few 
circumstances.  The  person  to  whom  it  was  addressed  1s  Madame 
Brillon,  a  lady  of  most  respectable  character  and  pleasing  conver- 
sation, mistress  of  an  amiable  family  in  this  neighborhood,  with 
which  I  spend  an  evening  twice  in  every  week.  She  has,  among 
other  elegant  accomplishments,  that  of  an  excellent  musician,  and 
with  her  daughter,  who  sings  prettily,  and  some  friends  who  play, 
she  kindly  entertains  me  and  my  grandson  with  little  concerts,  a 
cup  of  tea,  and  a  game  of  chess.  I  call  this  my  opera  ;  for  I  rarely 
go  to  the  opera  in  Paris.  The  Moulin  Joli  is  a  little  island  in  the 
Seine,  about  two  leagues  hence,  part  of  the  country  seat  of  another 
friend,  where  we  visit  every  summer,  and  spend  a  day  in  the 
pleasing  society  of  the  ingenious,  learned  and  very  polite  persons 
who  inhabit  it.     At  the  time  when  the  letter  was  written,  all  con- 
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versations  at  Paris  were  filled  with  disputes  about  the  music  of 
Gluck  and  Picini,  a  German  and  an  Italian  musician,  who  divided 
the  town  into  violent  parties.  A  friend  of  this  lady  having  ob- 
tained a  copy  of  it,  under  a  promise  not  to  give  another,  did  not 
observe  that  promise;  so  that  many  have  been  taken,  and  it  is 
become  as  public  as  such  a  thing  can  well  be  that  is  not  printed  ; 
but  I  could  not  dream  of  its  being  heard  of  at  Madrid  [where 
Carmichael  was  Secretary  to  the  American  Legation  while  Mr.  Jay 
was  Minister  there].  The  thought  was  partly  taken  from  a  little 
piece  of  some  unknown  writer,  which  I  met  with  fifty  years  since 
in  a  newspaper,  and  which  the  sight  of  The  Ephemera  brought  to 
my  recollection." 

It  is  eminently  proper  that  the  Franklin  Papers  should  be 
cared  for  in  the  Society  of  which  he  was  the  founder  and  the 
first  President,  and  with  which  his  name  is  so  indissolubly  con- 
nected ;  it  is  the  duty  of  this  Society  to  see  that  these  papers 
be  put  into  a  good  condition,  that  they  may  be  freely  used  by 
students.  Unluckily,  when  this  gift  was  made  to  the  Society  there 
were  few  men  who  knew  how  to  make  the  best  use  of  it.  The  late 
Mr.  Trego,  then  the  Librarian,  had  this  vast  and  heterogeneous  mass 
of  original  papers,  including  an  infinite  number  of  letters  addressed  to 
Franklin  and  many  important  papers  belonging  to  the  various  phases 
of  his  long  and  active  and  varied  career  in  science,  in  local  and  colo- 
nial and  national  and  international  affairs,  roughly  mounted  and  still 
more  roughly  bound  in  an  indefinite  and  vague  sort  of  chronological 
order.  In  the  course  of  years  access  was  so  carelessly  given  that  some 
autograph  hunters  have  ruthlessly  cut  out  signatures  and  thus  de- 
faced valuable  original  papers.  A  rough  index  precedes  some  of  the 
volumes,  but  many  of  them  are  largely  made  up  of  papers  that  are 
only  described  by  general  headings.  Later  volumes  of  papers,  long 
unbound  and  found  merely  tied  up  in  the  original  packages — no 
doubt  by  Temple  Franklin  or  Bache  or  Duane,  for  some  of  the  fre- 
quent removals  from  Passy  to  Philadelphia  and  then  from  pillar  to 
post,  until  they  finally  reached  a  safe  haven  of  rest  in  the  Library  of 
the  Philosophical  Society — have  been  carefully  mounted,  well  ordered 
and  arranged,  and  bound  in  a  creditable  way,  so  that  these  are  now 
perfectly  accessible  and  safe  for  use,  under  the  watchful  eye  of  the 
present  custodian,  the  Librarian,  to  whose  intelligent  care  this 
Society  is  indebted  for  the  order  and  preservation  of  many  of  the 
important  original  papers  in  our  archives.     Under  his  direction. 
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too,  the  work  of  indexing  these  papers  is  being  carried  on,  and  a 
printed  Calendar  will,  it  is  hoped,  soon  make  them  available  for 
students  and  others  engaged  in  historical  research ;  and  his  assistants, 
who  are  expert  copyists,  will  supply  perfect  transcripts.  To  their 
careful  handiwork  is  due  the  transcription  of  those  of  Franklin's 
"  Bagatelles,"  found  in  manuscript  in  his  papers,  here  reproduced 
as  part  of  this  paper.  They  show  the  infinite  care  and  the  exhaust- 
less  industry  with  which  he  prepared  these  papers,  as  though  he 
anticipated  the  respect  with  which  to-day  everything  relating  to 
him  is  regarded  in  the  country  that  is  so  proud  of  his  fame. 

The  original  manuscripts  show  that  Franklin's  **  Bagatelles  "  were 
no  inconsidered  trifles,  but  were  carefully  written  in  his  own  good 
English,  were  carefully  translated  into  French  by  competent  hands, 
and  that  in  more  than  one  version,  then  carefully  compared,  and 
the  one  chosen  for  printing  carefully  revised  ;  and  this  studious 
and  loving  care,  although  hidden  from  the  general  eye,  no  doubt 
gave  them  that  admirable  form  which  has  made  them  so  popular, 
and  has  commended  them  to  readers  of  all  nationalities  from 
Franklin's  day  to  our  own.  It  is  certainly  interesting  through 
these  old  papers  to  see  just  how  he  worked  and  wrote  and  gave  a 
final  form  to  these  his  lightest  writings.  These  papers  show  that 
Franklin,  in  his  letter  of  April  8,  1784,  written  at«Passy  to  Mme. 
Brillon,  says  that  The  Advice  to  Those  Who  Wish  to  go  to  America^ 
Remarks  on  the  Politeness  of  Savages y  The  Handsome  and  Deformed 
Leg  and  The  Morals  of  Chess,  with  those  he  then  sent — no  doubt 
The  Ephemera,  The  Story  of  the  Whistle,  The  Dialogue  between 
Franklin  and  the  Gout — make  a  complete  collection  of  all  his 
**  Bagatelles  "  printed  at  Passy.  If  that  be  so,  what  authority  had 
Temple  Franklin  for  the  seventeen  papers  printed  by  him  under 
the  title  of  "Bagatelles,"  other  than  his  statement  that  they  were 
**  found  in  a  portfolio,  endorsed  *  Bagatelles?*  "  Yet  who  was  better 
able  to  speak  with  authority  than  Temple  Franklin,  grandson, 
literary  fellow-worker  and  testamentary  owner? 
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APPENDIX. 
Franklin  Papers  in  The  American  Philosophical  Society. 

Vols.    1-39 — Letters  to  Dr.  Franklin — 1735-90. 

Vols.  40-43 —      "      "     "  '*        without  date. 

Vol.  44 —  "      "     "  *'       anonymous  and  without  date. 

Vol.  45 — Drafts  and  copies  of  letters  from  Dr.  Franklin — 1738-89. 

Vol.  46 — Letters  from  Dr.  Franklin  to  his  wife— 1755-74, 

Vols.  47-48 — Letters  to  various  persons — 1710-91. 

Vol.  49 — Papers  on  subjects  of  science  and  politics. 

Vol.  50— Papers  by  Dr.  Franklin  on  various  subjects. 

Vol.  51 — Poetry  and  verses. 

Vol.  52 — Miscellaneous  papers — 1670-1769. 

Georgia  papers — 1768-75. 
Vols.  53-55 — Miscellaneous  papers — 1770-88. 
Vol.  56—  "  "       without  date. 

Vol.  57— Memorials,  petitions,  etc. 
Unnumbered  Vol. — Fragments  and  torn  letters. 
••    — Scraps,  memorials,  etc. 

"    — Franklin  papers :  in  France — Letters  from  Franklin. 
"  *'  "         "       "      — Letters  to  Franklin. 

"  "         "       "      —Invitations,  cards. 

"       —Court,     marriage,    funeral     and 
meeting  notices,  invitations. 
"       **      — Oaths  ofallegiance,  paroles,  bonds 
of  privateers,  passports. 

"  "  — Letters  from  Franklin— Letters  to 

^mflll^  •  Franklin — Miscellaneous. 

"  "  "  "         "       •'      — Promissory    notes,   public  loans 

and  accounts. 
'*        '*       — Applications  for  appointments  in 
army  and  navy. 
"  "       "       — Diplomatic,  naval  matters,  mili- 

tary stores,  indemnity. 

"  *'  "  — Prisoners'     assistance,    to     raise 

troops,  for  civil  appointments, 
to  settle  in  America,  miscella- 
neous. 
"  ••  "  "  •*       "       — Household  and  personal  accounts. 

"  "       "       — Miscellaneous  letters  in  German. 

"  "  "  "  "  England  —  Notices,     invitations,     visiting 

cards,  notes,  business  cards. 
"  "  "  "        Wills,  powers  of  attorney,  indentures,  bonds, 

agreements,  notes,  memoranda,bills,  1728-68. 
••  "  "  "         Bills  1769-88,  drafts,  accounts,  cheques,  memo- 

randa, bills  of  lading,  public  accounts. 
Certified  acts  of  Congress.  1776-80. 
Several  volumes  of  miscellaneous  account-books. 

Ejght  volumes  of  letters  to  William  Temple  Franklin :  Vols.  1-7,  1775-90;  Vol.  8, 
without  date. 
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PBOCEEDINGS 

OP  THE 

AMERICAN    PHILOSOPHICAL    SOCIETY 

H81D  AT  PHIIADEIPHU  FOR  PROIOTINfi  ESEfUL  KNOWlEDfil. 

Vol.  XL.  Dbcembeu,  1901.  No.  107. 


Special  Meeting  J  September  ^6y  1901. 

Vice-President  Barker  in  the  Chair. 

Present,  36  members. 

A  special  meeting  was  held  at  noon  to  take  action  upon 
the  death  of  the  Hon.  Frederick  Fralcy,  LL.D.,  President  of 
the  Society. 

The  Secretaries  announced  the  death,  on  Monday,  Septem- 
ber 23,  1901,  in  the  ninety-eighth  year  of  his  age,  of  the 
Hon.  Frederick  Fraley,  the  President  of  the  Society. 

Vice-President  Barker  made  some  remarks  on  the  loss  sus- 
tained by  the  Society  in  the  death  of  its  President. 

Prof.  Albert  H.  Smyth  offered  the  following  minute  and 
resolution : 

In  the  death  of  Frederick  Fraley,  on  the  23d  of  September,  1901, 
the  American  Philosophical  Society  has  lost  its  President,  who  had 
held  his  office  since  January  2,  1880. 

Under  the  instant  sense  of  bereavement  it  is  not  easy  to  record 
our  appreciation  of  his  superb  stability  of  character  and  of  his 
life-long  devotion  to  duty. 

He  was  elected  to  this  Society  July  15,  1842,  and  for  fifty-nine 
years  took  a  deep  and  fervid  interest  in  its  welfare  and  progress. 
He  was  faithful  in  every  duty  and  adequate  in  every  trial.  He 
presided  over  the  deliberations  of  the  Society  with  wisdom  and 
dignity  and  judgment  and  grace.     His  tact  was  unerring  and  his 
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patience  unfailing.  Simplicity  and  truthfulness  were  natural  to 
him.     All  his  impulses  were  generous  and  good. 

He  had  an  intuitive  sense  of  the  obligation  of  noble  living,  and 
he  passed  through  the  vicissitudes  of  human  experience  calmly  and 
bravely,  without  fever  and  without  fear. 

In  philosophy  he  had  broad  vision  and  ample  equipment,  and  he 
sympathized  quickly  and  cordially  with  the  march  of  thought.  In 
politics  he  illustrated  the  scope  and  fidelity  of  republican  citizen- 
ship. 

In  his  social  relations  he  exercised  a  peculiar  personal  influence. 
He  was  distinguished  by  the  repose  of  his  manners,  his  cheerful 
temperament,  and  his  eager,  joyous,  sanguine  vitality.  He  sur- 
rounded himself  with  cheerfulness.  His  friendship  was  never  idly 
given,  but  those  who  knew  him  well  loved  him  dearly,  for  in  sun- 
shine or  in  storm  he  was  alike  steadfast  and  true. 

He  has  gone  from  us  in  extreme  old  age — the  labor  of  his  life 
well  done — in  the  full  possession  to  the  last  of  his  lucid  perception 
and  dauntless  cheer,  and  he  leaves  us  the  precious  memory  of  a 
tranquil  and  beautiful  character  and  the  priceless  possession  of  a 
high  and  rare  example  of  noble  living. 

Rtsolvedy  That  the  Chair  appoint  a  member  of  the  Society  to 
prepare  an  eulogium  of  Mr.  Frederick  Fraley. 

The  minute  and  resolution  were  seconded  with  eulogistic 
remarks  hy  Messrs.  Philip  C.  Garrett,  Joel  Cook,  Hampton 
L.  Carson,  William  V.  McKean  and  Harold  Goodwin,  and 
were  unanimously  adopted. 

The  meeting  was  then  adjourned  by  the  presiding  officer. 


Stated  Meeting^  October  4,  1901, 

A^ice-President  Sellers  in  the  Chair. 

Present,  10  members. 

Letters  were  read  as  follows  : 

From  Prof.  Schiaparelli,  of  Milan;  Thomas  Willing  Balch, 
Amofi  P.  Brown,  Dana  C.  Munro  and  Mazyck  Ravenel,   of 


1901.]  MINUTES.  139 

l^hiladelpbia,  accepting  membership,   and  from  Hon.  J.  B. 
McPherson,  of  this  city,  declining  membership. 

From  the  Corporation  of  Yale  University,  inviting  the 
Society  to  be  represented  at  the  celebration  of  the  200th 
anniversary  of  the  founding  of  Yale  College,  and  on  motion 
Dr.  G.  F.  Barker  was  chosen  to  represent  the  Society. 

From  the  Naturhistorische  Gesellschaft,  in  Niimberg, 
inviting  the  Society  to  be  represented  at  the  100th  anniver- 
sary of  the  founding  of  the  Society. 

From  the  municipality  of  Verona,  Italy,  acknowledging 
the  receipt  of  the  portraits  of  the  Scaligers,  recently  sent  by 
the  Society. 

A  letter  from  a  Committee  of  the  Anthropological  Section 
of  the  American  Association  for  the  Advancement  of 
Science,  asking  the  Society  to  appoint  a  representative  to 
the  General  Committee  of  the  International  Congress  of 
Americanists,  and  on  motion  the  presiding  officer  was  author- 
ized to  appoint  such  representative. 

A  letter  from  the  Academia  Degli  Agliati  iu  Eoverto, 
inviting  the  Society  to  be  represented  at  a  commemorative 
conference  of  the  Academy,  to  be  held  on  the  2d  of  June  past. 

A  letter  fiom  the  late  President,  Frederick  Fraley,  dated 
May  29,  appointing  as  a  Committee  to  arrange  for  a  general 
meeting  of  the  Society — Prof.  George  F.  Barker,  Prof.  E.  G. 
Conklin,  Prof.  C.  E.  Doolittle,  Prof.  William  B.  Scott  and 
Prof.  W.  P.  Wilson. 

A  list  of  donations  to  the  Library  was  laid  upon  the  table ^ 
and  the  thanks  of  the  Society  ordered  therefor. 

The  following  deaths  of  members  were  announced : 

Albin  Weisbach,  February  26,  1901,  Freiberg,  Germany. 

Thomas  C.  Clarke,  June  15,  1901,  New  York. 

Benjamin  Chew  Tilghman,  July  3,  1901,  Philadelphia. 

Joseph  Le  Conte,  July  6,  1901,  Berkeley,  Cal. 

Herbert  B.  Adams,  July  30,  1901,  Baltimore,  Md. 

Charles  A.  Schott,  July  31,  1901,  Washington,  D.  C. 

Jacob  D.  Cox,  August  4,  1901,  Cincinnati,  Ohio. 
[    Adolph  Nordenskjold,  August  12, 1901,  Stockholm,  Sweden. 
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William  Ludlow,  U.S.A.,  August  30,  1901,  WashingtoD. 
Waldron  Shapleigh,  August  80,  1901,  Philadelphia. 
Pascual  de  Guyangos,  October  4,  1897,  London,  Eng. 
Papers  were  read  as  follows  : 

**  On  Friedrich  Nietzsche,''  by  A.  Radcliffe  Grote.    • 
**  On  the  Gundungurra  Language,"  by  R.  H.  Mathews. 
I    "  Notes  on  Pure  Circulating  Decimals,''  by  C.  M.  Fennell. 
The  Society  was  adjourned  by  the  presiding  officer. 


THE  GUNDUNGURRA  LANGUAGE. 

BY   R.  H,  MATHEWS,  L.S. 
(Read  October  J^,  190 L) 

The  Dhar'rook  and  Gun'dungur'ra  tribes  respectively  occupied 
the  country  from  the  mouth  of  the  Hawkesbury  river  to  Mount 
Victoria,  and  thence  southerly  to  Berrima  and  Goulburn,  New 
South  Wales.  On  the  south  and  southeast  they  were  joined  by  the 
Thurrawal,  whose  language  has  the  same  structure,  although  differ- 
ing in  vocabulary. 

Besides  the  verbs  and  pronouns,  many  of  the  nouns,  adjectives, 
prepositions  and  adverbs  are  subject  to  inflection  for  number  and 
person.  Similar  inflections  have,  to  some  extent,  been  observed  in 
certain  islands  of  the  Pacific  Ocean,  but  have  not  hitherto  been 
reported  in  Australia.  I  have  also  discovered  two  forms  of  the 
dual  and  plural  of  the  first  personal  pronoun,  a  specialty  which  has 
likewise  been  found  in  Polynesian  and  North  American  dialects. 
Traces  of  a  double  dual  were  noticed  by  Mr.  Threlkeld  at  Lake 
Macquarie,  New  South  Wales,  and  traces  of  a  double  plural  by  Mr. 
Tuckfield  in  the  Geelong  tribe ;  but  the  prevalence  of  both  forms 
of  the  dual  and  plural  in  different  parts  of  speech  in  any  Austra- 
lian language  has,  up  to  the  present,  escaped  observation. 

Orthography. 

Nineteen  letters  of  the  English  alphabet  are  sounded,  comprising 
fourteen  consonants— b,  d,  g,  h,  j,  k,  1,  m,  n,  p,  r,  t,  w,  y — and  five 
vowels — a,  e,  i,  o,  u.     Every  word  is  spelled  phonetically,  the  letters 
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having  the  same  value  as  in  English,  with  the  following  qualifica- 
tions : 

Unmarked  vowels  have  the  usual  short  sound. 

Vowels  having  the  long  sound  are  distinguished  by  the  follow- 
ing marks  : 

a  as  in  fate  I  as  in  pie  oo  as  in  moon 

a  as  in  father  6  as  in  pole  ee  as  in  feel 

ou  as  in  loud 

It  is  frequently  difficult  to  distinguish  between  the  short  or  un- 
marked sound  of  a  and  that  of  u.  A.  thick  or  dull  sound  of  i  is 
occasionally  met  with,  which  closely  approaches  the  short  sound  of 
u  or  a. 

G  is  hard  in  every  instance. 

R  has  a  rough  trilled  sound,  as  in  hurrah  ! 

Ng  at  the  beginning  of  a  word,  as  ngee  =  yes,  has  a  peculiar 
sound,  which  can  be  got  very  closely  by  putting  oo  before  it,  as 
oong-ee',  and  articulating  it  quickly  as  one  syllable.  At  the  end 
of  a  word  or  syllable  it  has  substantially  the  sound  of  ng  in  our 
word  sing. 

The  sound  of  the  Spanish  fX  is  frequent,  both  at  the  beginning 
or  end  of  a  syllable. 

Y,  followed  by  a  vowel,  is  attached  to  several  consonants,  as  in 
dya,  dyee,  tyoo,  etc.,  and  is  pronounced  therewith  in  one  syllable, 
the  initial  sound  of  the  d  or  other  consonant  being  retained.  Y 
at  the  beginning  of  a  word  or  syllable  has  its  usual  consonant 
value. 

Dh  is  pronounced  nearly  as  th  in  *'  that "  with  a  slight  sound  of 
the  d  preceding  it. 

Nh  has  nearly  the  sound  of  th  in  **  that  "  with  an  initial  sound 
of  then. 

The  final  h  is  guttural,  resembling  ch  in  the  German  word 
"joch." 

T  is  interchangeable  with  d,  p  with  b,  and  g  with  k  in  most 
words  where  these  letters  are  employed. 

A  sound  resembling  j  is  frequently  given  by  the  natives,  which 
can  be  represented  by  dy  or  ty ;  thus,  dya  or  tya  has  very 
nearly  the  same  sound  as  ja. 

In  all  cases  where  there  is  a  double  consonant,  each  letter  is  dis- 
tinctly enunciated. 
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W  always  commences  a  syllable  or  word  and  has  its  ordinary 
consonant  sound  in  all  cases. 

At  the  end  of  a  syllable  or  word,  ty  is  sounded  as  one  letter; 
thus,  in  beety-bal-lee-mafX,  it  is  disappearing,  the  syllable  beety 
can  be  obtained  by  commencing  to  say  *'beet-ye,"  and  stopping 
short  without  articulating  the  final  e,  but  including  the  sound  of 
the  y  in  conjunction  with  the  t — the  two  letters  being  pronounced 
together  as  one. 

Articles. 

The  equivalents  of  the  English  articles,  ''a"  and  *' the,"  do 
not  occur  in  this  language. 

Nouns. 

Number, — Nouns  have  the  singular,  dual  and  plural  : 

(i)  Singular  ....  A  man  Murrifi 

Dual A  pair  of  men  Murriiiboolallee 

Plural Several  men  Murrifidyargang 

(2)  Singular  ....  A  kangaroo  Booroo 

Dual A  pair  of  kangaroos  Booroolallee 

Plural Several  kangaroos  Boorooyargang 

It  will  be  observed  that  the  dual  and  plural  suffixes  vary  slightly 
in  form,  according  to  the  termination  of  the  noun. 

Gender, — Mur'rifi,  a  man;  bul'lan,  a  woman;  boobal,  a  boy; 
muUunga,  a  girl;  goodha,  a  child  of  either  sex;  warrambal,  a 
young  man.  Another  name  for  a  man  is  boual ;  a  married  man  is 
kunbeelang  ;  a  married  woman  is  boual illang.  Generally  the  males 
of  animals  are  distinguished  by  the  addition  of  goomban,  and  the 
females  by  dhoorook.  The  males  of  certain  animals  have  a  name 
which  distinguishes  them  without  stating  the  sex;  thus,  the  male  of 
wallee,  the  opossum,  is  known  as  jerrawul,  while  the  female  is  wallee 
dhoorook.  Goola,  the  native  bear,  has  burrandang  for  the  male 
and  goola  dhoorook  for  the  female.  A  few  animals  have  a  distinc- 
tive word  for  the  female  as  well  as  for  the  male ;  thus,  the  female  of 
the  wallaroo  is  bawa,  and  the  male  goondarw§..  Others  again  have 
the  suffix  koual  for  the  male,  and  fioual  for  the  female.  The  words 
for**  male"  and  **  female '*  are  inflected  for  number  like  other 
adjectives. 

Case, — There  are  two  forms  of  the  nominative,  the  first  naming 
the  subject  at  rest;  as,  Boual  ngabooromafi,  the  man  sleeps.     The 
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second  shows  that  the  subject  is  doing  some  act ;  thus,  mirreegangga 
wallee  burrarafi,  the  dog  an  opossum  bit.  Mirreegang  is  a  dog  in 
the  first  nominative. 

The  possessive  case  takes  a  suffix  both  to  the  possessor  and  that 
which  is  possessed  : 

Murringoo  warrangangoong,  a  man's  boomerang. 

Mirreegangoo  goodhawoong,  a  dog's  puppy. 

Bullangoo  goodhayarroong,  a  woman's  children. 

Booroongoo  dhoombirgoong,  a  kangaroo's  tail. 

Any  object  over  which  one  can  exercise  ownership  can  be  con- 
j  ugated  by  possessive  suffixes  for  number  and  person  : 


Sin^lar. 


Dval .  .    { 


First  Person  .  . 
Second  Person  . 
Third  Person   . 


.  My  boomerang 
,  Thy  boomerang 
.  His  boomerang 


First  Person  .  .     I  ^"•'  boomerang,  incl. 
(  Our  boomerang,  excl. 
Second  Person  .  .  Your  boomerang 
Third  Person   ,  • .  Their  boomerang 


First  Person. 


Plural . 


f  Our  boomerang,  incl. 

(  Our  boomerang,  excl. 
Second  Person  .  .  Your  boomerang 
Third  Person    .    .  Their  boomerang 


Warrangandya 
Warranganyee 
Warrangangoong 

Warrangangulla 
WarranganguUang 
Warranganboola 
Warranganboolangoo 

Warranganyinnang 
Warranganyillung 
Warranganyooning 
Warrangandyunnung 


The  accusative  does  not  differ  from  the  nominative.  There  are 
a  few  forms  of  nouns  for  the  dative  and  oblative,  but  these  cases 
are  frequently  shown  by  modifications  of  the  verb  ;  as,  I  carried  to 
him,  he  carried  from  me.  They  are  also  indicated  by  the  pro- 
nouns ;  as,  with  me,  to  me. 

Pronouns. 

Pronouns  are  inflected  for  number,  person  and  case.  There  are 
two  forms  of  the  dual  and  plural  in  the  first  person.  The  following 
table  shows  the  nominative  and  possessive  cases  : 


Siniular.  ;   xhou 
(   He 


Goolangga 
Goolanjee 
Dhannooladhoo 


Dual .  . 


We,  incl.  Goolanga 

We,  excl.  Goolangaloong 

Ye  Goolamboo 

They  Dhannooboola 


Mine  Goolanggooya 

Thine  Goolanyingoo 

His  DhannoogooUngoo 

Ours,  incl.  Goolangalla 

Ours,  excl.  Goolangaloong 

Yours  Goolambooloong 

Theirs  Dhannooboolangoo 


lU 
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P/urai . 


We,  incl. 

Goolanyan 

Ours,  incl. 

Goolanyannung 

We,  excl. 

Goolanyilla 

Ours,  excl. 

GoolanyiUungoon 

Ye 

Goolambanoo 

Yours 

Goolanthooroong 

They 

Dhannooj  immalang 

Theirs 

Goolangandyoolang 

These  possessives  admit  of  variations  to  include  two  or  several 
articles  and  in  other  ways.  There  are  also  forms  of  the  pronouns 
signifying,  with  me,  with  thee,  and  so  on  as  follows : 


Sinjfu/ar. 


First  Person.  . 
Second  Person 
Third  Person  . 


.  With  me 
.  With  thee 
,  With  him 


Goolangngooreea 

Goolangooroonyee 

Goolangooroong 


Dua/ .    . 


P/ural.  , 


First  Person  .  . 

Second  Person 
Third  Person  . 


\  With  us,  incl. 

[  With  us,  excl. 
.  With  ye 
.  With  them 


First  Person 


f  With  us,  incl. 

1  With  us,  excl. 
Second  Person  .    .    .  With  ye 
Third  Person  ....  With  them 


Goolangooroongulla 
Goolangooroongullung 
Goolangoorooloong 
Goolangooroolangoo 

GoolangooroofLunDung 
Goolangooroofiullungoo 
Goolangooroofiooroong 
Goolangooroodyunnung 


There  are  other  modifications  of  the  pronouns  to  meet  different 
forms  of  expression.  The  demonstratives  and  interrogatives  are 
inflected  for  number  and  person  like  the  rest. 


Adjectives. 

Adjectives  take  the  same  dual  and  plural  numbers  as  the  nouns 
with  which  they  are  used  : 


(i)  Barrl  buggarabang 

Barriwoolallee  buggarabangoolallee 
Barrldyargang  buggarabangargang 

(2)  Bullan  yeddung 

BuUanbooIlee  yeddungboolallee 
BuUandhar  yeddungdyargang 


A  wallaby,  large 

A  couple  of  wallabies,  both  large 

Several  wallabies,  all  large 

A  woman  pretty 

A  couple  of  pretty  women 

Several  pretty  women 


Comparison  is  effected  by  saying,  This  is  heavy — that  is  heavy  ; 
this  is  smooth — that  is  not ;  this  is  sharp — that  is  very  sharp. 

When  used  predicatively,  as  yooroang  or  yoorwang,  he  is  strong, 
an  adjective  can  be  conjugated  through  all  the  tenses  and  moods 
of  an  intransitive  verb : 
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Present  Tense. 

First  Person  .  .   .  I  am  strong 
Singular.  \  Second  Person   .  Thou  art  strong 
Third  Person  .   .  He  is  strong 


Dual.  .  . 


Plural.  , 


First  Person.  , 


f  We  are  strong,  incl. 

1  We  are  strong,  excl. 
Second  Person   .  Ye  are  strong 
Third  Person  .   .  They  are  strong 


First  Person .  . 

Second  Person 
Third  Person  . 


f  We  are  strong,  incl. 
I  We  are  strong,  excl. 
.  Ye  are  strong 
.  They  are  strong 


Yooroangga  or  Yoorwangga 

Yooroandyee 

Yooroang 

Yooroanga 
Yooroangaloong 
Yooroangboo 
Yooroangboola 

Yooroanyun 
YooroanyuUa 
Yooroanthoo 
Yooroanji  m  malang 


The  past  and  future  tenses  are  not  given,  owing  to  want  of  space. 


Verbs. 

Verbs  have  the  singular,  dual  and  plural  numbers,  the  usual  per- 
sons and  tenses,  and  three  principal  moods,  viz.,  indicative,  im- 
perative and  conditional.  The  verb-stem  and  a  contraction  of  the 
pronoun  are  incorporated,  and  the  word  thus  formed  is  used  in  the 
conjugation. 

INDICATIVE   MOOD. 


Singular. 


Dual,    . 


Plural 


First  Person .  . 
Second  Person 
Third  Person  . 


Present   Tense, 

.  I  throw  (throw  I) 
Thou  throwest 
He  throws 


First  Person 


•i: 


We  throw,  incl. 

We  throw,  excl. 
Second  Person    ,  Ye  throw 
Third  Person  .    .  They  throw 


First  Person .  . 

Second  Person 
Third  Person  . 


I  We  throw,  incl. 
I  We  throw,  excl. 
.  Ye  throw 
.  They  throw 


Yerreemangga 

Yerreemandyee 

Yerreemafi 

Yerreemang'a 
Yerreemangaloong 
Yerreemanboo 
Yerreemanboola 

Yerreemanyan 
Yerreemanyalla 
Yerreemanthoo 
Yerreemandyoolung 


Singular, 


First  Person .  . 
Second  Person 
Third  Person  . 


Past  Tense, 

I  threw  (threw  I) 
.  Thou  threwest 
,  He  threw 


Yerreering'ga 
Yerreerindyee 
Yerreering 
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Dual . 


Plural  , 


First  Person . 


f  We  threw,  incl. 

I  We  threw,  excl. 
Second  Person   .  Ye  threw 
Third  Person  .    .  They  threw 


First  Person . 


f  We  threw,  incl. 

I  We  threw,  excl. 
Second  Person   .  Ye  threw 
Third  Person  .   .  They  threw 


Yerreering'a 
Yerreeringaloong 
Yerreeringboo 
Yerreeringboola 

Yerreeooranyan 
Yerreeooranyulla 
Yerreeooranthoo 
Yerreeooradyoolung 


Singular, 


Dual . 


Plural 


Future  Tense, 

First  Person  ...  I  will  throw 
Second  Person   .  Thou  wilt  throw 
Third  Person  .    .  He  will  throw 

First  Person..  |  We  will  throw,  incl. 
I  We  will  throw,  excl. 
Second  Person    .  Ye  will  throw 
Third  Person  .    .  They  will  throw 


First  Person . 


I  We  will  throw,  incl. 

I  We  will  throw,  excl. 
Second  Person   .  Ye  will  throw 
Third  Person  .    .  They  will  throw 


Yerreeniogga 
Yerrenindyee 
Yerreenifi 

Yerrecning'a 
Yerreeningaloong 
Yerreenimboo 
Yerreenimboola 

Yerreeninyan 
Yerreeninyulla 
Yerreemunanthoo 
Yerreemunadyoolung 


IMPERATIVE   MOOD. 

SinguLir  .    .  Second  Person  ....  Throw  thou 
Dual ....  Second  Person  ....  Throw  ye 
Plural .    .    .  Second  Person  ....  Throw  ye 


Yer'-ree 
Yer'-ree-ou' 
Yer' -ree-a-nhoor' 


CONDITIONAL   MOOD. 
Perhaps  I  will  throw  Yerreeningga 


booramboonda 


If  a  negative  meaning  be  required,  it  is  effected  by  means  of  an 
infix,  mooga,  between  the  verb-stem  and  the  abbreviated  pronoun. 
One  example  in  the  first  person  singular  in  each  tense  will  exhibit 
the  negative  form  of  the  verb  : 


I  am  not  throwing 
I  did  not  throw 
I  will  not  throw 


Yerreemoogamangga 

Yerreemoogaringga 

Yerreemooganingga 


This  negative  infix  can  be  applied  in  the  same  manner  to  all  the 
persons  of  the  three  tenses. 

There  are  numerous  modifications  of  the  verbal  suffixes  to  con- 
vey variations  of  meaning  ;  as,  **  I  threw  at  him,"  "  He  threw  at 
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me,"  etc.,  which  can  be  conjugated  for  number  and  person.  Case 
can  also  be  indicated  in  this  way,  as  already  stated  in  dealing  with 
the  nouns. 

Verbs  have  no  passive  voice.  If  a  native  desires  to  state  that  a 
fish  was  swallowed  by  a  pelican,  he  would  say,  '*  A  pelican  swal- 
lowed a  fish." 

Prepositions. 


Some  prepositions  can  be  used  separately,  as  dhooreegoong,  be- 
tween ;  warroo,  around  ;  willinga,  behind,  and  several  others, 
thus :  Dhooreegoong  ngullawoolee,  between  trees  two  or  between 
two  trees  ;  gunbee  warroo,  the  fire  around  or  around  the  fire. 

A  prepositional  meaning  is  often  obtained  by  a  verb ;  thus, 
instead  of  having  a  word  for  *'  up  "  or  *'  down,*'  a  native  will  say, 
Booraaningga,  up  I  will  go ;  wooraramuningga,  down  I  will  go. 
Many  of  the  prepositions  admit  of  conjugation  for  number  and 
person,  as  in  the  following  example : 


Sing-ular. 


Dual , 


Plural 


First  Person .  .   .  Behind  me 
Second  Person   .  Behind  thee 
Third  Person  .    .  Behind  him 


First  Person 


■i: 


Behind  us,inci. 

Behind  us,  excl. 
Second  Person    .  Behind  ye 
Third  Person  .    .  Behind  them 


First  Person .  . 

Second  Person 
Third  Person  . 


'  Behind  us,  incl. 

\  Behind  us,  excl. 
Behind  ye 
Behind  them 


Willingia 

Wiilinganyee 

Willingdwoong 

Willingangulla 
WillinganguUung 
Willingangdwooloong 
Willingangawoolangoo 

Willinganyanung 
Willinganyanungoo 
Willinganthooroong 
Willingadyanung 


Adverbs. 

Space  will  not  permit  of  a  list  of  adverbs  any  further  than  to 
illustrate  how  some  of  them  can  be  conjugated  : 


Singular. 


Dual . 


First  Person  . 
Second  Person 
Third  Person  . 


First  Person 


\   Second  Person 
Third  Person  . 


.  Where  go  I 

.  Where  goest  thou 

.  Where  goes  he 

I  Where  go  we,  incl. 
1  Where  go  we,  excl. 
.  Where  go  ye 
.  Where  ^o  they 


Ngoondeeneea 

Ngoondeeneeflce 

Ngoondeeneeoong 

Ngoondeeneenga 
Ngoondeenccngool  ung 
Ngoondeeneewoo 
Ngoondeeneewoola 
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Plural 


p.       p  (  Where  go  we,  inch  Ngoondeeneefinun 

I  Where  go  we,  excl.  Ngoondeeneefiulla 

Second  Person   .  Where  go  ye  Ngoondeeneeiloo 

Third  Person  .    .  Where  go  they  Ngoondccneeyoolung 


Adverbial  meanings  are  sometimes  conveyed  by  means  of  verbs, 
as  beetyballeemafi,  he  (or  it)  goes  out  of  sight.  Conjunctions 
and  interjections  are  few  and  unimportant. 


NOTES  ON  PURE  CIRCULATING  DECIMALS. 

BY   C.   A.    M.   FENNELL,  CAMBRIDGE,  ENGLAND. 

{Read  October  4,  1901.) 

§  1.  The  following  properties  of  cyclic  periods  of  decimals  are 
supplementary  to  those  discussed  by  Prof.  Glaisher  in  the  Proceed- 
ings of  the  Cambridge  Philosophical  Society,  October  28,  1878, 
Vol.  Ill,  Part  V. 

§  2.  The  following  letters,  definitions  and  theorem  are  taken 
from  p.  185  of  Prof.  Glaisher' s  paper.     The  periods  that  arise 

from  the  series  of  fractions  -,  -  being  a  vulgar  fraction  in  its 

lowest  terms,  and  p  having  all  values  less  than  q  (which  is  prime 
to  10),  are  called  the  periods  of  the  denominator  g,  or,  more 
simply,  the  periods  of  q.  Theorem:  the  denominator  ^(a), 
which  includes  all  the  above  values  of  p,  has  a  certain  number 
(?i)  of  periods,  each  containing  the  same  number  (o)  of  digits,  n 
and  a  being  connected  by  the  relation,  na  =  s^(^). 

§  3.  (i)  The  first  inquiry  relates  to  the  distribution  of  the  several 
digits,  0,  9,  3,  6,  1,  8,  2,  7,  4,  5,  over  the  n  periods  of  a  digits 
which  constitute  Prof.  Glaisher' s  <f{q).  In  this  particular  a 
difference  emerges  between  0,  9,  3,  6,  and  the  rest  of  the  digits, 
the  observation  of  which  may  prove  important  to  the  theory  of 
numbers. 

Of  course  there  must  always  be  as  many  9s  as  Os,  Ss  as  6s,  Is 
as  8s,  etc.,  but  as  verified  up  to  lii  there  are  the  same  number, 
say  w,  of  each  of  the  six  digits,  1,  8,  2,  7,  4,  5,  m  being  a  posi- 
tive integer. 

E.g. J  in  the  single  period  of  7,  viz.,  .142857,  each  of  the  six 
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occurs  once,  and  the  same  with  the  six  periods  of  i,  viz.,  .i,  .S, 
.4,  .5,  .t,  .S.  In  the  5  periods  of  i^r,  viz.,  .6d,  .16,  .St,  .36, 
.  45,  every  digit  occurs  once. 

(ii)  As  might  be  expected,  vihen  an  or  ^(9)  is  an  exact  mul- 
tiple of  10,  each  of  the  10  digits  occurs  an  equal  number  of  times. 
In  other  words,  if  an  or  y(q)  =  10m,  then  each  digit  occurs  m 
times. 

(iii)  Prof.  Glaisher  writes:  **  Among  ....  results  which  are 
illustrated  by  Mr.  Goodwyn's  tables  ....  of  less  importance 
may  be  noticed  the  following :  If  (/  be  a  prime  ending  with  one, 
viz.,  =  10m  +  1,  then  each  of  the  digits  0,  1,  2  ....  9  occurs 
m  times  in  the  10m  digits  which  form  the  periods  of  5."  This  is  a 
partial  statement  included  under  the  statement  in  my  immediately 
preceding  paragraph  and  only  embracing  the  cases  in  which  an  or 
ip(^q)  =q  —  1  =:10m. 

It  seems  a  safe  inference  that  my  more  general  statement  and 
its  place  in  the  methodical  distribution  of  digits  in  the  periods  of 
<ly  which  is  based  on  the  forms  both  of  q  and  of  aji  or  <p(q),  were 
not  known  when  Prof.  Glaisher  wrote  as  above,  and  I  have  reason 
for  believing  that  they  have  not  been  discovered  since,  or  at  any 
rate  published  since. 

(iv)  The  said  methodical  distribution  of  the  several  digits,  so 
far  as  traced  at  present,  comprises  at  least  seventeen  distinct 
divisions  of  cases  which  fall  into  five  groups,  A,  B,  .  .   .  .  E. 

The  results  have  been  verified  for  all  values  of  q  from  3  to  401 
inclusive,  and  for  sundry  higher  values,  e,g,,  419,  423,  487,  507, 
603  and  621. 

(V) 

A      1.  If  an  or  ^(q)  =  10m,  then  for  all  values  of  q  each  of 
the   digits   0,  1,    2,   ....   9   occurs  m  times  in   the 
period  or  periods  of  q. 
r  2.  If  an  or  <plq)  =  10m  +  2  and  5  =  either  lO^S  -\- 1  or  10^9 

+  7,  then  0,   9  occur  m  +  1 

times  each,  and  the  other  digits 

VI  times  each.     [But  for  q  = 

357  (an  =  192),  0,  9,    3,  6 

i  occur  18  times  (m  —  1)  each, 

I  and  the  other  digits  20  times 

[  (»n+l)]. 


B 
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r  3.  If  an  or  ^(q)  =  lOni  +2  and  q  =  10fi+3  or  10^5  +  9, 

I  then  3,  6  occur  m  +  1  time* 

I  and  the  other  digits  tn  times 

each. 

r  4.   If  an  or  if(q)  =  lOm  -r  4  and  g  =  10^  +  1,  then  0,  9,  3, 

I  6  occur  m  +  1   times   each 

and  the  other  digits  m  times 

!  each. 

'  5.  If  an  or  c^Cq)  =  10m  -f  4  and  q  =  10? -r  3,  then  0,  9, 

3,  6  occur  m  -f  1  times  each, 
and   the  other  six   di^ts  m 
^,  times  each. 

^  6.  If,  however,  9  is  a  multiple 

of  3,  then  3,  6  occur  m  +  2 
times    each,    and    the   other 
digits  m  times  each. 
7.  If  an  or  c{q)  z=  lOw  -f  4  and  10^  +  7  or  10|5  +  9,  then 

0,  9  occur  m  times  each,  3,  6 
ni  —  1  times  each  and  the 

I  other  digits  m  +  1  times  each. 

f  8.   If  mi  or  c{q)  =  10m  +  0  and  9  =  10^5  +  1  or  lOfi  -f  3, 

or  10,?  ^  9,  then  0,  9  occur 
m  -\- 1  times  each,  3,  6  m  -f  2 
times    each    and    the    other 
digits  m  times  each. 
U.   If  ah  or  <f{q)  =  10m  -r  0  and  9  =  10^  +  7,  then  0,   9, 

3,  6  occur  m  times  each,  and 
the  other  digits  w  + 1  times 
each. 

10.  But  ii  q  =  l0fi+7z=z3d  or 

(W  +  S)d,  then  3.  6  occur 
m  —  1  times  each,  and  the 
utlier  digits  m  +  1  times  each. 

11.  If  mi  or  c(q)  =  10,,,      6  and  9=  10/?+9  =  (lOr-f  3)', 

then  0,  9,  3,  6  occur  m  times 
each,  aud  the  other  digits 
m  +  1  times  each. 


D 
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r  12.  But  in  other  cases  either  0,  9 

occur  m  -f  1  times  each,  3,  6 
I  m  +  2  times  each,   and   the 

D    -j  other  digits  m  times  each; 

I  13.  or  0,  9  occur  m  —  1  times 

I  each,    and   the   other    digits 

j^  m  +  1  times  each. 

'  14.  If  an  or  ^(q)  =  10/n  +  8  and  g  =  10^  +  1  or  10^5  +  3, 

then  0,  9,  3,  6  occur  m  +  2 
times  each,  and  the  other 
digits  m  times  each. 

15.  If  an  or  <p(q)  =  10m  }-  8  and  g  =  10/5  +  7,  then  3,   6 

occur  m  times  each,  and  the 
other  digits  m  +  1  times  each. 

16.  If  an  or  <f(q)  =  10m  -\  8  and  ^=  lOfi  +  9,  then  0,  9 

occur  m  times  each,  and  the 
other  digits  m  +  1  times  each. 

17.  But  if  g  =  10^5  +  9  =  11^+1 

{e.g.,  89,  199  or  419),  then 
3,  6  occur  m  —  4  times,  and 
the  other  digits  m  +  2  times 
each,   or  some  other  exoep- 

.  tional  distribution  is  found, 

(vi)  The  total  number  of  values  of  q  up  to  401  is  160. 

A  1.  Includes  18  primes  (counting  401)  and  22  multiples  or 
powers  of  primes. 

B  2.  No  primes;  15  cases  with  q  =  10/5  -I  1,  onlj  3  cases  with 
q  =  lOjJ  +  7,  and  the  exceptional  case  q  =  357  =  3  X 
7  X  17.  Beyond  401,  q  =  507  is  regular.  But  the 
limits  of  the  investigation  do  not  present  sufficient  data  for 
sound  inference  as  to  the  cases  where  g  =  10/5  +  7. 

B  3.  Includes  q  =  243  and  20  primes  with  3  for  the  unit  digit 
and  2  with  9  for  the  unit  digit,  namely  49  =  7'  and 
289  =  17',  the  next  number  being  81 9  =  7X9X1 3. 

C    4.  One  case,  q  =  81. 

C    5.  One  case,  q  =  343. 

C    6.  One  case,  q  =  273. 

C    7.  Rve  cases,  q  =  147,  and  4  cases,  q  =  10/5  '  9. 
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D    8.  Nine  cases. 

D    9.  Twenty-three  cases. 

D  10.  Eight  cases,  57,  87,  177,  237,  247,  267,  327,  387. 

D  11.  Two  cases,  ^  =  3'  and  g  =  13\ 

D  12.  Three  cases,  q  =  lldandq  =  259,  q  =  329. 

D  13.  One  case,  q  =  399. 

E  14.  Five  cases,  q  =  273,  q  =  343,  q  =  133,  q  =  203,  q  =  353. 

E  15.  One  case,  7  =  27. 

E  in.  Sixteen  cases. 

E  17.  Two  cases,  q  =  S9,  q  =  199. 

There  is  then  a  strong  prima  fade  case  in  favor  of  a  regular  classi 
fi cation  of  the  numerical  distribution  of  the  digits  in  various  cases 
of  <p(q),  but  not  a  sufficient  number  of  cases  at  present  investi- 
gated for  a  complete  and  certain  induction,  which  would  moreover 
demand  an  explanation  of  the  causes  which  lead  to  the  observed 
results.  A  complete  investigation  would  probably  supply  eight  or 
ten  more  divisions  of  cases,  as  C  4,  C  5,  C  6,  D  13,  E  15,  E  17 
are  probably  susceptible  of  subdivision,  and  under  B  2  the  case 
q  =  357  may  be  the  lowest  case  of  a  distinct  division. 

The  possibility  of  occasional  exceptions  must  be  frankly  ad- 
mitted, at  any  rate  for  the  present. 

EXAMPLES. 

(vii)  For  7=:  3'  =  81,  (p(^q)=d4,  a  =  9,  7i  =  6,  the  periods 
are 

.6l:i345t)79  containing  all  the  digits  except  8. 

.987654326 

.624691358 

.975308641 

.649382716 

.550617285 
Therefore  obviously  0,  9, 
digits  5  times  each. 

For  ^  =  3  X  11  =  33,  <piq)  =  20,  a  =  2,  n  =  10,  the  periods 
are  .63,  .66,  .12,  .15,  .24,  .36,  .48,  .5t,  .6d,  .tS,  in  which 
every  digit  occurs  twice. 

Forg  =  31,  ^(9)  =  9  —  1  =:  30,  a  =  15,  n  =  2,  the  periods 
are  .632258064516126  and 


1. 

7. 

2. 

5. 

4. 

3,  6  occur  6  times  each  and  the  other  six 
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.967741935483876,  in  which  every  digit  occurs  3  times,  each 
pair  of  complements  of  9  contributing  3  digits  to  each  period. 

§  4.  The  phenomena  noted  and  illustrated  in  the  following  para- 
graphs can  be  doubtless  fully  classified  and  explained  by  special- 
ists in  the  theory  of  numbers : 

(i)  If  when  q  is  prime  its  period  is  divisible  into  sections,  each 
of  which  contains  an  equal  number  of  digits—  the  number  being 
greater  than  1 — the  sum  of  the  sections  arranged  in  column 
amounts  to  10**  —  1  or  a  multiple  of  10**  —  1,  where  d  is  the  num- 
ber of  digits  in  each  section,  and  the  sum  of  the  numerators 
corresponding  to  the  periods  which  begin  with  the  several  sections 
is  9  or  a  multiple  of  q. 

E.g.,  for  the  period  of  31,  o  =  15  and  n  =  2,  and  written  in 
column  of  5  sections  of  3  digits  each  the  period  of  -^i  is 

.632 

258 

064 

516 

125  =  999; 
and  in  column  of  3  sections  of  5  digits  each  is 

.63225 

80645 

16129  =  99999; 
while  the  five  enumerators  answering  to  the  sections  of  3  digits 
are  1,  8,  2,  16,  4  =  31,  and  those  answering  to  the  sections  of  5 
digits  are  1,  25,  5  =  31. 

For  the  period  of  7,  which  is  .142857  (for  which  fi^i^ures  see 
§  6),  14  +  28  +  57  =  99;  85  +  71+  42  =  198;  while  142  +  857 
=  999.  In  the  latter  case  the  first  half  and  the  second  half  of 
the  period  are  complementary.  This  is  an  instance  of  the  simplest 
and  most  obvious  case  of  the  sum  of  sections  of  a  period  being 
=:  10^  —  1,  and  this  case  must  occur,  whether  q  be  prime  or  not, 
whenever  a  complementary  remainder  occurs  in  the  division  of  p 
by  q.  This  particular  case  of  complementary  halves  of  a  period  is 
not  brought  under  a  general  theorem  relating  to  sections  of  periods 
by  Prof.  GlaiHher. 

This  property  of  sections  of  a  period  containing  an  equal  number 
of  digits  each  depends  upon  the  property  of  the  corresponding 
numerators,  viz.,  that  their  sum  is  equal  to  g  or  a  multiple  of  q ; 
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for  it  is  obvious  that  the  sum  of  the  sections  is  equal  to  the  sum  of 
the  whole  periods  which  begin  with  the  respective  sections. 
E.g.,  for  the  period  of  A  .696     774     193     548     387 

.774 

.198 

.548 

.387 


193 

548 

387 

096 

648 

387 

096 

774 

387 

096 

774 

19S 

096 

774 

193 

54§ 

998~ 

998 

998 

99S  = 

.dX2 

+ 

+ 

+ 

1 

1 

1 

1.598 

+ 

1 

(ii)  If  9  be  the  product  of  primes  or  powers  of  primes  or  be  a 
power  of  a  prime,  then  the  summation  of  sections  in  some  instances 
gives  results  similar  to  those  obtained  when  g  is  a  prime.  For  in- 
stance, the  period  of  ir  ~  jj^i  ~  .61098$,  where  the  first  half  and 
the  second  half  of  the  period  are  complementary  and  .01  +  09  + 
89  ==  99.  In  other  instances,  however,  variations  occur,  the  gen- 
eral nature  of  which  is  to  be  understood  from  the  inspection  of  a 
few  examples. 

For  the  periods  of  21.  viz.,  .04761$  and  .$52386  (A  =  .695238), 
.047  +  619  -=  666,  952  +  380  =  1332  =  4  X  333.  The  two  sums 
together  =  2  X  999.  But  .04  +  76  +  19  =  99;  95  +  23  +  80 
=r  198  =  2  X  99.     As  in  some  cases  in  which  3  is  a  factor  of  q, 

the  sections  when  added  give  -^  (lO**  —  1),  so  when  9  is  a  factor 

of  q  they  sometimes  give        (10^  —  1).     E.g.,  for  117,    008 -f 

547  =  555,  but  00  +  85  -r  47  =  132  =  4  X  .33,  .99  +  14  +  52 
=z  165  =  5  X  33. 

For  the  period  of  49 


Corresponding  numerators. 

:  .020408... 

1 

.163265... 

8 

.306122... 

15 

.448979... 

22 

.591836... 

29 

.734693... 

36 

.S77551... 

43 

3.142854  = 

.142857x22     154  =  7x22 

+ 

3... 

= .14285t  X  22 

1901.]  FENNELL — PURE   CIRCULATING  DECIMALS.  155 

To  generalize,  if  a  period  has  a  number  of  digits  which  is  a 
multiple  of  the  number  ( / )  of  digits  in  the  period  of  a  factor 

HI 
(r)  of  9,  then  sections  of  kf  digits  when  added  give  —  (lOv —  1). 

For  the  period  of  221  (=  13  X  17),  o  =  48,  n  =  4  (i.e.,  two 
pairs  of  complementary  periods).     The  period  of  i^r  is  .67692S. 

Sections  of  6  digits.     Corresponding  remainders  or  numerators. 
,604524...  Ist—     1=    0x13  +  1 

•  S86877...  7th— 196  =  15  X  13  +  1 

.S28054...  13th  —  183  =  14  X  13  +  1 

,598642.,.  19th—    66=    5x13  +  1 

,533936...  25th  —  118  =    9  X  13  +  1 

.651583...  31st  —  144  =  11  X  13  +  1 

.710407...  37th  —  157  =  12  X  13  +  1 

.539819...  43d—    53=    4x134-1 


4.153842  =  54  X  .676923  918  =  54  X  17 

+  ^  " 
4...      54  X  .67692S 

Similarly — 

the  2d,  8th...  44th  numerators  are  of  the  form  ±  m  13  +  10 
and^the  3d,  9th. . .  45th  * '  '  *       *  *         '  *     ±  m  13  +  100 

and  the 4th,  10th... 46th  "  **      **         *'     ±ml3  +  116 

and^so  on.' 

The  halves  of  the  period  of  hzt  =  tV  (10"  —  1),  and  the  quar- 
ters =  fi  (10"— 1),  while  the  thirds  =i»(10"— 1)  and  the 
numerators  corresponding  to  the  thirds  =  12  X  13.  The  sixths 
=  2(10*  —  1).  The  other  periods  yield  analogous  results.  Note 
that  m  =  0  in  the  form  of  the  first  6  numerators,  and  that  the 
minus  sign  only  occurs  for  some  values  of  q.  Analysis  of  this  kind 
can  be  applied  generally. 

The  following  partial  exhibition  of  the  relations  to  each  other 
and  to  7  and  47  of  the  remainders  of  the  period  of  —^  =r=  zh  may 
perhaps  prove  suggestive.  There  is  one  period  of  6  digits  to  7 
and  one  period  of  46  digits  to  47,  and  two  periods  of  138  digits 
(the  halves  being  complementary)  to  329. 


X  X 


-oil 

1-1    ©    fH 


00 

•^H 

<X> 

CO 

t«- 

<N 

co 

<x> 

'^' 

ic 

'^ 

lO 

<£> 

CO 

<N 

t^ 

t^ 

<N 

ai 

^ 

o 

05 

CI 

t^ 

05 

o 

CO 

<x> 

Oi 

^ 

Oi 

^5 

b* 

■c^ 

CO 

<x> 

lO 

-^ 

t>^ 

(M' 

oo 

tH 

CO 

l-H 

CI 

t^ 

iO 

t 

'^ 

iO 

Oi 

o 

l-H 

oo 

"^ 

iO 

QO 

tH 

!>.' 

<N 

QO 

l-H 

o: 

o 

»C 

'^ 

t^ 

(M 

o 

OS 

iC 

''^ 

t^ 

c^ 

t^ 

<N 

»o 

'^ 

o 

a> 

Oi 

o 

00 

tH 

CO 

<x> 

00 

^-^ 

:d 

CO 

lO 

^ 

b* 

(M 

Oi 

o 

00 

4C 

^' 

i-H 

oo 

o 

Od 

to 

^ 

o 

-^ 

l-I 

00 

tH 

oo 

OO 

y-^ 

t^ 

(M 

t^ 

(M 

CD 

CO 

CO 

CO 

00 

s 

'^ 

Oi 

o 

CO 

<;o 

o 

Oi 

CO 

CO 

o 

05 

•o 

Ci 

X  X  X  X  X  X  X 

■  OQOOQOOOlpiHOO 


^liMI 


+  +  +  + 

X  X  X  X 
t^  t*  t^  r* 


XX  XX  XX  XX 

II  II  II 


T^  r-i    CO    ^ 

+  +  +  +  +  -I-  + 

'^  SS  *®  3  **  00  ® 

X  X  XX  X  X  X 
J^  t^  l^  t*  fN.  fN.  t*. 

'  II 


X 


o 
o 


XH 


n 


X  X 


X  X 

II  II  II  II 

mi 

XXX® 
t*    r-    t*     Q, 


X  X 


X   X   X   X 
r-    t*    r»    t« 


^Jl 


xxxxxxxxxxxx 

UlifliirHHiiiilIlIlI 


X  X 


0 

a 


X  X  X  X 

r-  i>.  r*  r* 

n  fl  D   II 

5  2  R  S 

X  X  X  X 

I'-  r-  r-  t* 

n  II  II   I!   II 

S  F!  i  S  i 

X  X  X  X   X 

r»  t«  f-  t*    t* 


J,  55  «      "^00 

^  CO         c^    ^ 


3 


CD    00    CO   ' 


ss 


±  +  + 

±  +  + 

n  t>  Qo 

8  8-^ 

X  X  X  X  X  X 

t-  i»  r- 

II    II    1 

t|-  I*  t- 

li  II  1 

P!3c3 

Isil 

r-l            00 

+  +  +  ++  + 

'N    lO    C< 

iH    Ol    *>* 

g5«^ 

X  X  X  X  X  X 

r-  I*  ij- 

I") 

II  Jl  J, 

S   LO   00 


II  d  IJ  i 


s 


Ji 


X  X 

11. 


+  + 

X  X 


CQ 


+ 

s 

s 

'3 
a 


+ 


09  c$ 
X  X 

T' 

II II 


X  X 


1 


,.    06 

—    CO 
CO   ^ 

•-f  + 

O)   O) 

:  X  X 

I  . 


HU  i 


X  X 


X  X 


I 


X 


X 


ir>8  FENNELL— PURE  CIRCULATING  DECIMALS.  [Oct-  4. 

§  6.  No  explanation  18  here  proposed  of  the  following  curious 
property  of  periods  for  which  q  is  prime  and  a  =  q  —  1,  and  is 
also  divisible  by  4;  so  that  its  universality  is  not  deduced  or 
assumed. 

Let  a  section  of  m  digits  of  a  period  be  represented  by  G  ( 1 ,  2,  3. . . 
m),and  G(4. .  .m) represent  part  of  the  section  from  the4th  digit  to  the 
mth  or  last  digit,  and  G  (1. . .  [m  —  6]  )  represent  part  of  the  section 
from  the  first  to  the  (m  —  6th)digit,  and  G  (ic...  [m  —  y]  )  represent 
a  middle  portion  of  the  section  from  the  xth  digit  to  the  (m — y)tb 

digit.     Let  Ail...^^),    B  (1...^-=^),    C    (1...^^),    D 

(1...^— J — ),    be   the  four  sections  of  the  period  of  -  in   order. 

Arrange    A    (1...?-^^ — )     followed     by    C     (1...^-^^ — )     over 

B  (1...?— J — ),  followedby  D  (1...^— J— ),  making  two  ranks  of 

digits,  and  add;  then  the  sum  E  (1...—  — )  will  contain  in  order 

^—^ —  of  the  digits  of  the  period.     If,  however,  q  —  1  be  a  multiple 

of  10,   E  (1...?^^)  [will   contain   only   ^ 2  of  the  said 

digits. 

EXAMPLES. 

For  tV  05889411  For  A  03448274137931 

23527647  58620689655172 


29417058  62068963793103 

For  ^  016393442622950180327868852459 
819672131147540983606557377049 

836065573770491 163934426229508 

As  this  property  is  not  shared  by  periods  of  ^  when  n  does  not 
=  1,  it  cannot  be  altogether  due  to  the  halves  of  the  periods  being 
complementary.  It  appears  to  be  due  to  the  arrangement  of  all  the 
periods  of  q  under  one  cycle  of  digits. 
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§  6.  It  is  noteworthy  that  the  only  completely  cyclic  number  is 
142857. 

For  142857  X  2  =  286714 

*«       X3  =428571 

**       X4  =571428 

*«       X5  =7142851 

**       X6  =857142 

Hence,  to  multiply  142857  by  any  number,  7m  +  n  (where 
n  =  1  or  2  or  3  or  4  or  5  or  6),  we  have  only  to  divide  the  multi- 
plier by  7,  thus  finding  m  and  n,  prefix  m  to  142857  X  n  and  then 
subtract  m. 

Thus  to  find  (142857)' 

7)142857 
20408  —  1 
20408122449  =  (142857)'. 
Also,  2915446064142857  —  2915446064  = 
2915443148696793  =  (142857)" 


Stated  Meeting,  October  18,  1901. 
Vice-President  Wistar  in  the  Chair. 
Present,  9  members.  - 

Mr.  Thomas  Willing  Balch.  a  newly  elected  member,  was 
presented  to  the  Chair,  and  took  his  seat  in  the  Society. 

The  list  of  donations  to  the  Library  was  laid  on  the  table 
and  thanks  were  ordered  to  be  returned  for  them. 

With  reference  to  one  of  the  donations,  Dr.  Hays  called 
attention  to  a  statement  contained  in  Mr.  William  Eleroy 
Curtis's  True  Thomas  Jf^fferson,  just  published,  that  this  Soci- 
ety possessed  Jefferson's  *'  original  draft ''  of  the  Declaration 
of  Independence,  with  all  the  corrections.  lie  thought  it 
important  that  this  statement  should  not  remain  uncorrected, 
as  it  might  lead  to  considerable  disappointment.     The  copy 
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in  Jefferson's  handwriting  possessed  by  this  Society  is  one  of 
several  made  by  Jefferson  between  the  4th  and  10th  of  July, 
1776,  to  send  to  friends,  that  they  might  compare  the  Declar- 
ation as  originally  framed  and  reported  by  the  Committee 
with  the  document  as  amended  and  passed  by  the  Congress, 
and  **  judge  whether  it  is  better  or  worse  for  the  critics,'*  as 
he  expressed  it  in  his  letter  of  July  8,  1776,  sending  the  copy 
in  question  to  Richard  Henry  Lee,  from  whose  grandson  this 
Society  received  it.  A  history  by  Dr.  Hays  of  this  copy  is 
printed  in  Vol.  xxxvii  of  the  Society's  Proceedings. 
The  meeting  was  adjourned  by  the  presiding  oflBcer. 


Stated  Meeting^  November  Jf,  1901, 

Vice-President  Barker  in  the  Chair. 

Present,  20  members. 

Dr.  Mazyck  Bavenel,  a  newly  elected  member,  was  pre- 
sented to  the  Chair,  and  took  his  seat  in  the  Society. 

A  letter  was  read  from  the  Soci^t^  Nationale  des  Sciences 
Naturelles  et  Mathematiques  de  Cherbourg,  announcing  that 
it  would  celebrate  its  fiftieth  anniversary  on  December  30, 
1901,  and  the  Secretaries  were  instructed  to  send  a  congratu- 
latory address  to  the  Society. 

The  list  of  donations  to  the  Library  were  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

Mr.  James  Douglas  presented  a  *'  Record  of  Borings  in  the 
Sulphur  Spring  Valley,  Arizona,  and  of  Agricultural  Experi- 
ments in  the  Same  Locality." 

Pi  of.  George  F.  Barker,  delegate  to  the  200th  anniversary 
celebration  of  Yale  University,  presented  a  report  with  a 
medal  struck  in  honor  of  the  anniversary. 

Prof.  Albeit  H.  Smyth,  delegate  to  the  450th  anniversary 
celebration  of  the  University  of  Glasgow,  presented  a  report. 

The  meeting  was  adjourned  by  the  presiding  officer. 
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RECORD  OF  BORINGS  IN  THE  SULPHUR  SPRING  VAL- 
LEY,  ARIZONA,  AND  OF  AGRICULTURAL  EXPERI- 
MENTS IN  THE  SAME  LOCALITY. 

BY  JAMES  DOUGLAS. 
(Read  November  /,  1901,) 

The  Copper  Queen  Consolidated  Mining  Company  has  since 
1880  worked  extensive  copper  deposits  in  what  are  probably  car- 
boniferous limestones,  lying  on  the  eastern  flank  of  the  Mule  Pass 
Mountains,  in  Cochise  county,  Arizona,  within  a  few  miles  of  the 
Mexican  boundary  and  5700  feet  above  the  sea.  The  geology  of 
the  region  east  of  tlie  Mule  Pass  Mountains  renders  it  probable  that 
there  are  Jura-Triassic  strata  lying  unconformably  over  the  carbon- 
iferous limestones,  and  that  within  the  Jura-Triassic  there  may  occur 
-coal.  Where  coal  occurs  in  Northern  Sonora,  to  the  south  of  the 
^reat  Sulphur  Spring  Valley,  and  in  Arizona,  to  the  north  of  that 
valley,  the  beds  are  so  shattered  by  intrusive  rocks  as  to  detract 
largely  from  their  commercial  value.  But  beneath  the  broad  Sul- 
phur Spring  Valley  we  considered  it  possible  that  there  might  be 
undisturbed  coal  beds  of  sufficient  extent  to  warrant  their  exploita- 
tion. With  the  object  of  determining  this,  the  Copper  Queen 
Company  drove  a  diamond  drill  hole  in  the  trough  of  the  valley. 
The  attempt  was  abandoned  before  solid  rock  was  reached.  The 
•diamond  drill  penetrated  the  alluvium,  as  shown  by  the  following 
record  of  borings,  for  765  feet  without  reaching  solid  rock.  The 
record  is  interesting  as  showing  the  extent  of  erosion  and  the 
depth  to  which  the  valleys  are  filled  by  detritus  in  the  arid 
region. 

At  the  same  time,  the  Copper  Queen  Company,  being  anxious  to 
develop  every  possible  industry  in  connection  with  their  mines, 
and  as  a  feeder  of  their  railroad,  instituted  some  systematic  agricul- 
tural experiments  on  a  tract  of  land  lying  in  the  trough  of  the  same 
Sulphur  Spring  Valley.  The  valley  extends  in  a  general  north-and- 
soulh  direction  for  about  one  hundred  and  twenty  miles,  and,  with 
very  gradually  sloping  sides,  has  an  average  width  of  about  twenty 
miles.  It  is  surrounded  to  ihe  north,  east  and  west  by  high  arid 
mountain  ranges,  on  which  the  average  annual  rainfall  is  ten  inches. 
While  a  certain  proporlion  of  this  moisture  escapes  by  evaporation, 
the  larger  portion  sinks  through  the  porous  soils  and  collects  as  a 


lt)2 


DOUGLAS — RECORD   OF   BORINGS. 


I  Nov.  I, 


"1" 

s  \  BiusrascuY. 

5r=  t~S/>CKSAMD. 
65'^  ItED  CLAY. 


«f 


QUICK  SAItO, 

HID  CtAY 
fire  CUHY. 


4t- 


MOm<tAY. 
nCO  CLAY. 


% 

i  i  /tiO  CLAY 

it 

^gl^f\J^ArnSCLAY 


subterranean  reservoir  in  the  basin-shaped  valley,  which  has  a  very 
gentle  fall  to  the  south,  and  therefore  discharges  some  of  its  water 
contents,  by  the  subterranean  stream  of  the  Agua 
Prieta,  into  the  headwaters  of  the  Yaqui  river. 
The  water  in  abundance  is  struck  at  from  nine  to 
thirty  feet  below  the  surface  almost  anywhere  in 
the  trough  of  the  valley;  and  experiments  ex- 
tending over  three  years  showed  that  ten  acres  of 
fruit  trees  can  be  irrigated  by  twenty-foot  wind- 
mills, provided  adequate  reservoirs  are  provided. 
If,  therefore,  a  valuable  product,  such  as  fine 
fruits,  could  be  raised  under  the  climatic  condi- 
tions prevailing,  the  question  of  power  for  arti- 
ficial irrigation  may  be  regarded  as  solved.  The 
attempt,  however,  to  cultivate  semi-tropical  fruits 
failed,  principally  through  the  extraordinary  vari- 
ations of  temperature. 

During  the  term  of  the  experiment  a  ther- 
mometrical  record  was  kept  on  the  ranch,  which 
is  printed  below  in  parallel  columns  with  a  record 
for  the  same  period  kept  at  Bisbee.  This  mining 
town  is  situated  in  a  deep  ravine  in  the  Mule  Pass 
Mountains,  which  flank  the  Sulphur  Spring  Valley 
^/teocuYiSAfiD  Qjj  jj^g  ^gg^^  J  200  feet  above  the  level  of  the  val- 
ley, but  where,  despite  the  higher  altitude,  the 
diurnal  variations  in  the  annual  experiments  are 
less  than  in  the  valley  itself.  These  great  sandy 
valleys  in  the  Southwest,  covered  at  best  with  a 
scanty  growth  of  mesquite,  and  during  the  greater 
part  of  the  year  by  scorched  grass,  permit  of  such 
rapid  radiation  through  the  cloudless  heavens, 
that  the  burning  heat  of  the  day  falls,  immediately 
the  sun  sets,  to  a  temperature  which  is  sensibly 
chilling,  and  which  therefore  has  a  seriously 
detrimental  influence  on  delicate  vegetation. 
Were  these  vast  valleys  simultaneously  cultivated 
and  clothed  with  verdure,  this  climatic  obstacle 
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from  the  risk  of  spring  frosts.  In  the  fruit  culture  experiments 
made  the  extreme  cold  occasionally  registered  in  January  did  not 
seem  to  injure  even  such  delicate  trees  as  the  almond,  due  doubtless 
to  the  absolute  aridity  of  the  soil  and  the  air.  But  the  trees  broke 
into  bloom  in  February,  and  the  fruit  was  fully  formed  when  April 
frosts  destroyed  it  year  after  year.  The  terrific  midday  heat  of 
summer  days  would  also  cause  a  plant  apparently  healthy  in  the 
morning  to  wither  and  die  before  evening,  although  the  root  was 
thoroughly  irrigated. 

The  result  of  our  experiments  led  us  to  believe  that  these  broad 
valleys,  which  originate  in  Southern  New  Mexico  and  Arizona  and 
stretch  into  Northern  Mexico,  though  arid  at  the  surface,  have  at 
comparatively  shallow  depths  a  subterranean  water  supply  sufficient 
to  hrigate  their  very  large  areas  of  very  rich  land  ;  that  the  winds 
are  sufficiently  strong  and  constant  to  raise  the  water  to  the  surface, 
through  the  agency  of  windmills,  for  the  irrigation  of  fruit  trees  on 
farms  large  enough  to  occupy  the  energies  of  single  ranchers ;  that 
the  climatic  conditions  are  the  principal  hindrances  to  the  success 
of  that  branch  of  agriculture ;  but  that  if  cooperative  efforts  were 
made  to  cultivate  very  large  tracts,  these  climatic  conditions  would 
be  so  modified  as  to  render  the  cultivation  of  these  vast  tracts  possi- 
ble and  profitable. 
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Maximum  and  Minimum  Temperatures, 

taken  in  the  Sulphur  Spring  Valley,  at  4500  feet  above  sea  level, 
and  at  Bisbee,  at  5700  feet  above  sea  level,  both  localities  being  in 
the  same  latitude  and  twenty  miles  apart. 


Temper 

ATURE 

IN  Sulphur 

Spring 

Valley. 

Temperature  at  Bisbee. 

Average. 
Max.        Min. 
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Min. 

Average. 

a  P.M. 
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1 891 

8  P.M. 
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91. 

16. 

63. 
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76. 
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83. 
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38. 
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I. 
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31.6 

70. 
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189a 
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61.4 

31.6 
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6. 

S8.5 

34.7 
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ao. 
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65.8 

29.7 

80. 

19- 

56.7 

36.2 
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68.8 
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3a. 
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88.8 
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Nov. 

69. 
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66.5 

42.5 
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36. 
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58.1 

30.9 

75. 

6. 

56.1 

36.9 

72. 

31. 

Diurnal  > 

Variation. 
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diurnal 

maximum   .    . 

.    .  93.6 

Average  diurnal  maximum   . 

.     .     .85.8 

" 

" 
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.    .38.4 

•« 

"         minimum    . 
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Stated  Meeting^  November  16^  1901, 
Vice-President  Sellers  in  the  Chair. 
Present,  16  members. 

Dr.  Simon  Flexner,  a  newly  elected  member,  was  presented 
to  the  Chair,  and  took  his  seat  in  the  Society. 

A  letter  was  read  from  the  Secretary  of  the  *'  D^l<5gation 
pour  I'adoption  d'une  Langne  Auxiliaire  Internationale," 
inviting  the  Society  to  participate  in  its  work  and  appoint 
a  collaborator. 

A  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

Prof.  George  F.  Barker  made  some  remarks  on  **  The 
Monatomic  Gases  of  the  Atmosphere,"  and  exhibited  tubes 
of  Neon,  Krypton  and  Xenon,  prepared  by  Prof.  Dewar,  of 
the  Royal  Institution. 

The  meeting  was  adjourned  by  the  presiding  officer. 


Stated  Meeting^   December  6^  1901. 

Vice-President  Barker  in  the  Chair. 

Present,  28  members. 

The  Librarian  laid  upon  the  table  the  list  of  donations  to 

the  Library  and  thanks  were  ordered  therefor. 
Dr.  George  F.  Barker  read  a  memoir  of  the  late  Prof.  F.  A. 

Genth. 

The  death  of  the  following  members  was  announced : — 
Dr.  John  Curwen,  at  Warren,  Pa.,  July  2, 190L 
Dr.  W.  F.  Norris,  at  Philadelphia,  November  18,  1901. 
Mr.  Thomas  Meehan,  at  Philadelphia,  November  19,  1901. 
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Mr.  Percival  Lowell,  of  FlagstaflF,  Arizona,  read  a  paper  on 
^ '  Explanation  of  the  Supposed  Signals  from  Mars  of  Decem- 
ber 7  and  8,  1900." 

The  following  annual  reports  were  read  : — 

The  report  of  the  Treasurer. 

The  report  of  the  Curators. 

The  report  of  the  Hall  Committee. 

The  report  of  the  Publication  Committee. 

The  report  of  the  Library  Committee. 

The  meeting  was  adjourned  by  the  presiding  officer. 


EXPLANATION  OF  THE  SUPPOSED  SIGNALS  FROM 
MARS  OF  DECEMBER  7  AND  8,  1900. 

BY   PERCIVAL   LOWELL. 

{Bead  December  6,  1901.) 

1.  On  a  certain  morning  in  December,  1900,  paragraphs  appeared 
in  the  papers  throughout  the  United  States  with  the  startling  an- 
nouncement that  Mars  had  been  signaling  the  Earth  the  night 
before.  Lights,  it  was  reported,  had  suddenly  shone  out  upon  the 
surface  of  the  planet,  lasted  for  a  time  and  then  vanished.  What 
the  signals  meant  was  not  so  forthcoming.  Vividness  of  headline 
made  up  for  meagreness  of  news. 

Interest  was  not  confined  to  the  United  States.  Reportorial 
inquisitiveness  was  as  rife  in  the  Old  World  as  in  the  New,  and 
Europe  was  behind  America  in  the  receipt  of  the  message  only  the 
time  necessary  for  its  transmittal. 

2.  To  broaden  one's  horizon  is  a  good  thing;  and  to  broaden  it 
beyond  the  bounds  where  horizon  itself  disappears,  a  still  better 
one.  But  the  broadening  is  apt  to  come  not  in  a  way  we  expect, 
and  to  prove  the  more  broadening  for  that  reason.  I  hope,  there- 
fore, not  seriously  to  lessen  interest  in  the  phenomena  by  saying 
that  they  were  certainly  not  what  they  were  popularly  taken  to  be, 
and  were  with  equal  certainty  much  which  was  not  supp>osed  and  is 
^uite  as  interesting. 

The  innocent  cause  of  the  misrepresentation  was  a  dispatch  sent 
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from  Flagstaff  to  the  writer  and  communicated  by  him  through  the 
usual  channels  to  the  astronomical  world.  The  signaling  part  of 
it  was  a  tale  added  by  journalistic  ingenuity  at  the  time  that  profes- 
sion became  possessed  of  the  subject.     The  original  dispatch  read : 

"Projection  observed  last  night  over  Icarium  Mare,  lasting  seventy  minutes."  . 

(Signed)  "  Douglass." 

3.  Projections  in  the  case  of  one  heavenly  body,  the  Moon,  are  not 
unfamiliar  objects.  On  almost  any  night  when  that  body  shows  a 
terminator,  that  is  a  sunset  or  sunrise  edge,  a  keen  eye  can  detect 
one  or  more  of  them  along  it  without  telescopic  aid.  With  Mars 
the  phenomenon  is  much  less  common  and,  though  many  such 
projections  have  in  the  last  few  years  been  seen  upon  the  planet,  the 
sight  is  one  of  some  rarity. 

4.  In  the  case  of  the  Moon  it  is  possible  to  find  out  the  cause  of 
the  projections.  By  magnification  through  a  telescope  the  little  knob 
that  breaks  the  otherwise  uniform  boundary  of  light  and  shade  is 
seen  to  resolve  itself  into  the  tip  of  a  mountain  peak  or  the  summit 
of  a  crater  wall,  which  catches  the  light  while  the  lower  ground  at 
its  foot  is  plunged  in  shadow,  and  so  seems  to  project  beyond  the 
rest  of  the  disk.  With  Mars  no  such  forthright  determination  of 
the  problem  is  possible.  For  no  magnification  we  can  apply  is 
potent  enough  to  disclose  of  itself  the  character  of  the  country. 
We  are,  therefore,  obliged  to  reason  upon  what  we  see. 

5.  Taking  lunar  analogies  for  guide,  it  was  generally  inferred  that 
the  martian  projections  too  were  due  to  mountain  peaks.  From 
which  of  course  it  followed,  or  as  one  may  say  preceded,  that  there 
were  mountains  on  Mars.  But  the  Flagstaff  observations  of  1894 
showed  that,  on  general  principles,  this  was  very  improbable.  The 
study  of  the  surface  markings  led  the  writer  to  a  general  theory 
about  the  character  of  the  planet,  in  which  mountains  not  only  found 
no  place  but  to  which  they  were  decidedly  opposed.  At  the  same 
time  that  the  theory  suggested  itself,  but  independent  of  it,  Mr. 
Douglass  observed  several  projections,  and  conceived  and  published 
another  explanation  for  them,  and  this  one  proved  consonant  with 
what  the  theory  demanded,  to  wit :  that,  instead  of  being  due  to 
mountains  upon  the  planet's  surface,  they  were  due  to  clouds  floating 
in  the  planet's  air.  He  showed  that  the  observations  were  thus 
much  better  explained  ;  in  fact,  that  his  observations  could  hardly 
be  accounted  for  with  probability  on  the  mountain  hypothesis  at  all 
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6.  The  opposition  of  1894  was  very  prolific  of  projections,  over 
four  hundred  being  seen  at  Flagstaff  in  the  course  of  nine  months. 
The  next  opposition  was  not  so  good  ;  while  in  that  which  has  just 
passed,  that  of  1900-1,  only  two  were  detected.  It  was  these  two 
.which  gave  rise  to  the  notion  of  signals  from'the  planet. 

Now  the  variability  in  the  number  seen  at  different  oppositions 
should  have  materially  shaken  faith  in  the  mountain  explanation. 
Mountains  are  permanent  affairs,  and  if  they  be  high  enough  to 
catch  thi  light  and  show  as  protuberances  at  one  time  they  should 
do  the  like  at  another.  The  change  in  the  inclination  of  the  disk 
would  not  materially  alter  their  visibility.  But  it  is  one  of  the 
humorous  anomalies  about  human  nature  that  general  reasoning 
affects  minds  so  little  when  applied  to  unfamiliar  matters,  while  in 
familiar  ones  it  is  the  guiding  principle  of  life. 

J,  Argument  from  the  two  projections  of  the  last  opposition  is, 
on  the  other  hand,  particular.  Although  they  were  but  two  in 
number,  testimony  in  the  case  is  very  much  to  the  point.  Indeed, 
their  isolated  character  helps  to  make  their  cogency  the  clearer. 

On  December  7,  at  i6h.  15m.  S.  M.  T.,  Mr.  Douglass  suddenly 
noticed  a  projection  on  the  terminator  of  the  planet,  a  little  to  the 
north  of  the  Sabaeus  Sinus.  The  phase  loss  at  the  time  was  36^.4. 
As  hecoiitmued  to  watch  it  the  projection  increased.  The  distance 
of  its  lip  from  the  edge  of  the  terminator  passed  successively 
through  the  values  ^,  i,  1}^  and  ij4  of  a  thread;  the  thread  used 
being  the  stationary  spider's  thread  of  the  micrometer.  Meanwhile 
he  was  busy  taking  the  position  angle  of  the  tangent  to  the  termi- 
nator, at  the  i)oint  directly  under  it,  at  intervals  of  a  few  minutes. 
His  observations,  recorded  in  detail  in  the  observing  book,  are  as 
follows : 

Record  of  December  7,  1900. 

Th.  =  thread ;  P. A.  =  position  angle. 
1900. 

Dec.  7,  i6h.  15m.    Pmjfction  over   Sinus  Sabaeus;  P. A.   tang,   to  terminator 
183O.2 
22m.    Projection  continues  (sketch).    Height  =  %  Th. 
24m.    P.  A.  terminator  tang.  185O.5. 
26  n.     P.  A.  terminator  tang.  184O.3. 
30ra.    Pn»jection  continues;  ^  to  ^  Th.  in  height. 
34J4m.     P  A. 'erminator  tang.  182O.4. 
37)4m.    Hi.  I  Th.;  no  other  irregularities  on  terminator. 
39m.    P.  \.  182O.0. 
41m.    P.  A.  184O.7. 
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Dec.  7,  i6h.  42^ m.  Rather  bright  en  terminator  near  north  cap  at  P.  A.  238O.0. 
44m,    Projection  continues ;  terminator  otherwise  regular. 
46m.    P.A.  183O.8. 
51m.    (After   spell  of  seeing  o)   projection  then  of  this   form: 

(sketch).    Height  lyi  Th. 

P.A.  183O.9. 
55/n.    Projection  there;  flatter? 
59m.    Projection  there ;  flatter  ? 
f  7h.     6m.    Projection  there  (after  spell  bad  seeing)  (sketch)  ;  possible 

separation.     Height  i}^  Th. 

P.A.   186O.2. 
19m.    Think  projection  is  very  small;  at  times  thought  it  gone. 

Now  >^  Th.  (sketch). 
22m.    Projection  certainly  there ;  I  get  this  form  :  (sketch)  Sinus 

Sibaeus  ?     Very  low,  say  }(  Th. 

P.  A.  185O.3. 
30m.    Think  the  projection  has  gone  or  else  it  is  very  slight ;  if  it 

is  there  its  P.A  is  186O.0. 
35m.    Projection  undoubtedly  gone. 

8.  .On  the  next  night  he  found  the  terminator  perfectly  regular 
until  i5h.  44m.  S.  M.  T.,  when  he  recorded:  Terminator  regular, 
but  suspicious  white  N.  of  Icarium  Mare.  Icarium  Mare  is  a  name 
given  to  the  dark  marking  running  from  the  forks  of  the  Sabaeus 
Sinus  to  the  Hammonis  Cornu,-  and  formerly  included  under  the 
general  designation  of  the  Sabaeus  Sinus.  Four  minutes  later  he 
noted :  Projection  just  started  N.  of  Icarium  Mare.  There  then 
followed  an  almost  exact  repetition  of  the  previous  night's  expe- 
riences, as  will  be  seen  from  the  transcript  of  the  observations. 

Record  of  December  8,  1900. 

Th.  =  thread ;  P.A.  ^  position  angle. 

fQOO. 

Dec.  8.   I5h.  44m.    Terminator  regular,  but  a  suspicious  white  N.  of  Icarium 
Mare. 

48m.    Projection  just  started  N.  of  Icarium  Mare. 

50m.    At  P.A.  186O.3.     Ht.  }i  Th. 

All,  so  far,  was  with  eyepiece  .89. 
I  now  put  in  )(  ep. 

58m.    Projection  more  conspicuous.     Ht.  %  Th. 
P.A.  184O.8. 
i6h.  02^m.    Projection.    Ht.  %  Th.  shows  more  easily  in  this  ep.  than  .89. 

i6m.    Projection  at  P.A.  187O.7 ;  seeing  good  for  limb  and  termi- 
nator. 
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Dec.  8,  i6h.  2om.    The  projection  looks  separated  hrom  term.;  seeing  not  good 

enough  to  assume  this  (sketch). 
25m.    Projection  looks  separated  in  good  seeing.     Ht.  I^  Th., 

and  half  of  this  is  separated  (sketch). 

P.  A.  188O.1. 
34m.    Projection  P. A.  187O.0;  in  ^  inch;  seeing  poor. 
44m.    Projection  probably  there  at 

P.A.^1870.7,  and  of  this  form  (sketch)  and  faint;  seeing 

is  constantly  too  poor  to  judge  well. 
47m.    Projection ;  think  it  is  there  as  described.     The  terminator 

has  been  otherwise  regular  at  all  observations. 
50m.     Seeing  1-2.    Think  projection  is  there,  low  and  faint,  and 

also  a  whitish  region  on  adjoining  disk. 

9.  On  reducing  and  comparing  the  observations  of  the  two  nights^ 
it  appears  at  once  that  they  do  not  refer  to  the  same  point  or  points 
upon  the  planet.  On  the  first  night,  at  the  time  of  the  appearance 
of  the  projection,  the  Idngitude  of  the  centre  of  the  disk  was  26°,  at 
the  time  of  its  disappearance  44°,  while  on  the  next  evening  the 
longitudes  were  respectively  10°  and  25°.  Not  only  were  the  two 
positions  not  the  same,  but  they  were  separated  from  one  another 
by  at  least  sixteen  degrees  of  longitude. 

10.  On  looking  up  the  records  of  the  first  night,  it  appears  that  the 
planet,  previous  to  the  detection  of  the  projection,  was  under  con- 
tinuous observation  from  i4h.  lom.  to  i5h.  45m.  S.  M.  T.,  or  from 
the  time  the  longitude  of  the  centre  was  355°  to  the  time  it  was  18° 
During  this  interval  there  are  two  specific  records  that  the  terminator 
was  free  from  irregularity,  one  at  i4h.  31m.,  the  other  at  i4h.  45m.: 
and  from  the  nature  of  the  observations  it  is  presumable  that  any 
projection  occurring  in  the  interval  would  not  have  escaped  notice. 
We  may  then  fairly  infer  that  the  projection  seen  on  December  8 
did  not  exist  in  that  position  on  December  7. 

11.  On  December  8  observations  ceased  at  i6h.  50m.,  but  on  the 
1 2th  of  the  month  the  terminator  was  carefully  scrutinized  from 
longitude  centre  298°  to  longitude  centre  13°  at  intervals,  such  that 
no  projection  of  the  duration  of  those  of  the  7th  and  8th  could  have 
passed  it  without  being  seen.  No  irregularity  was  detected.  The 
projection  of  December  8,  therefore,  did  not  exist  in  situ  on 
the  i2ih. 

12.  Furthermore,  when  the  rotations  of  the  planet  and  the  Earth 
brought  the  two  bodies  again  into  corresponding  positions  at  corre- 
sponding hours  on  January  12,  the  terminator  was  scanned  by  Mr. 
Douglass  from  i3h.  48m.  to  i5h.  35m.,  or  from  longitude  centre  15^ 
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to  longitude  centre  41®,  without  revealing  any  irregularity.  The 
phase  loss  was  then  27°,  as  against  36^  in  December.  So  that  nine 
degrees  should  be  deducted  from  these  figures  to  make  them  com- 
parable. It  thus  appears  that  on  this  date  both  projections  should 
have  been  visible,  one  after  the  other,  had  they  still  existed.  Neither 
was  seen.  Nor  was  any  projection  seen  at  any  other  time  during 
the  opposition.  Permanences  like  mountains,  therefore,  could  not 
have  caused  them  without  doing  violence  to  the  observations. 

From  the  impermanency  of  place  of  the  projections  it  is  clear 
that  they  could  not  have  been  fixed  to  the  planet's  surface — that  is, 
they  could  not  have  been  mountains.  We  are  left,  therefore,  with 
the  alternative  that  they  were  a  something  floating  in  the  planet's 
air  capable  of  reflecting  light,  or  in  other  words  clouds.  Secondly, 
from  the  similarity  of  their  appearances,  we  infer  that  they  were 
the  same  clouds  which  had  shifted  their  position  during  the  twenty- 
four  hours  that  elapsed  between  their  apparitions.  They  may,  of 
course,  have  been  wholly  distinct  condensations  of  vapor  which 
happened  to  agree  in  behavior.  The  probability  of  this  we  shall 
now  investigate  by  considering  the  phenomena  more  in  detail. 

13.  It  is  necessary  to  begin  by  determining  their  height,  for  it 
will  be  found  that  this  height  enters  as  a  function  into  the  equations 
of  position.     If  we  call 

^=  the  perpendicular  distance  of  the  tip  of  the  projection  from 
the  terminator ; 

P — P,  A.  =^  =  angle  between  the  tangetit  to  the  terminator  and 
the  axis  of  rotation ; 

£  =  the  angle  of  the  phase  j 

A  =  the  phase  latitude,  that  is  the  latitude  reckoned  from  the 
phase  equator ; 

a  =  the  radius  of  the  disk  in  seconds  of  arc ; 

a,  =  the  radius  of  the  planet  in  miles ; 

jc  =  the  angle  subtended  at  the  centre  of  the  disk  between  the 

tip  of  the  projection  and  the  point  on  the  terminator  at  the  same 

phase  latitude, 

we  shall  have 

tanx=: "^  _--- 

cos  ^  sin  is.  a,  cos  A 

and  h  =  height  will  be 

h  =  sec  jc  —  1.  a^  cos  ^A 

Performing  the  numerical  operations,  we  find  for  the  height  on 

December  7, 

h  — 1:^.4  miles:. 
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and  on  December  8, 

^='13.6  miles. 

14.  For  the  calculation  of  position  we  proceed  as  follows  : 


Ta^^S  =    ~    /fiu 


/* 


'ecmA^ 


C'^^V-c-7*^^' 


Let  6  =  angle  which  the  line  from  the  centre  of  the  phase  ellipse 
to  the  point  upon  the  terminator  perpendicularly  under^the  projec- 
tion makes  with  the  minor  axis  of  that  ellipse.  Let  r  =  distance 
from  the  centre  of  the  disk  to  this  point.  The  minor  axis  has  for 
value  r  cos  E,  the  major  axis  being  r.  By  a  property  of  the  ellipse 
we  have 

tan  ^>  =:  _  tan  <i  =  sec'  E  tan  0 
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from  which  we  find  6.     To  find  r  we  have  from  the  equation  of  the 
ellipse 


sin*  e  -f  _cos»  e 


from  which,  knowing  0,  the  value  of  r  follows. 

The  distance  /  from  the  centre  to  the  tip  of  the  projection  may 
now  be  got  by  solving  the  plane  triangle  whose  sides  are  d^  r  and  /. 
For  d  is  given,  r  is  now  known  and  the  angle  included  between 
them  is  i8o°  —  /  where 

and  this  also  is  known. 

/  would  give  us  the  projected  place  upon  the  visible  disk  of  the 
tip  of  the  projection,  if  the  projection  were  on  the  surface  of  the 
planetary  sphere.  As  it  is  in  reality  raised  above  it,  we  must  apply 
a  correction  depending  upon  the  height  of  the  projection.  It  is 
for  this  reason  that  the  height  must  first  have  been  found.  Perhaps 
the  neatest  way  is  the  one  adopted  by  Mr.  Manson,  who  performed 
the  numerical  computations,  that  of  simple  projection,  which  gives 

n 


a-\-  h 

Knowing  /  and  also  the  angle  in  the  plane  triangle  opposite  the 
side  //,  which  we  may  call  /?,  we  have  a  spherical  triangle  for  the 
determination  of  the  latitude  and  longitude  of  the  point  on  the 
sphere  directly  under  the  projection.  In  this  triangle  we  know  the 
side /,  whose  value  in  angular  measure  is  cos //  the  side  (gof^), 
which  is  the  angle  between  the  pole  of  the  planet  and  the  centre  of 
the  disk ;  and  the  angle  between  the  two,  which  is 

C=ir  900— (^_  270O— />) -t-^—Z? 
=  />— ^-f  ^  — Z> 

where  P  and   Q  have  the  meanings  of  Crommelin's  ephemeris  for 
the  planet. 

We  then  have  the  latitude,  /„  from 

cos  /j  =  cos  /,  sin  B  -\-  sin  /j  cos  B  cos  C 

and  the  longitude,  A,  from 

sin  (A  —  ^,  _  sin  /j 
sin  6*      ~  sm  71 
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The  results  are : 

Projection  December  7,  1900. 

Table  I. 

Date.                      h.     m,              P,A.  d.  Lat,               Long. 

Dec.  7 16     15            183O.2            ^  thread  —4^.7            333^-1 

17    06            i860. 2          lyi  "  — 3O.6            339^.4 

17     19            186P.1            14  "  — 1O.5            347O.4 

17     30            i860              o  "  — 1O.0            35i^'4 

and  for 

Projection  December  8,  1900. 

Table  II. 

Date.                      k.     m.              P.A,                    d.                Lat,  Long, 

Dec.  8 15     50            186O.3            ;4  thread  — 1O.9  315O.2 

16    25           .188O.1           i^       ««  — 10.4  319O.5 

16    44            187O.1            y^       "  — 0O.8  328O.5 

15.  The  numerical  value  of  d  was  got  as  follows:  Mr.  Douglass' 
micrometric  measures  of  the  spider's  thread  were  obtained  by 
moving  the  movable  thread  from  contact  on  the  one  side  of  the 
stationary  thread  to  contact  on  the  other.  This  gave  o".aa  for 
the  width  of  a  thread. 

In  the  estimating  of  the  distance  d  the  thread  was  placed  against 
the  background  of  the  disk.  As  a  measure  of  width  it  was  there- 
fore its  true  width  less  the  irradiation  into  it  from  both  sides.  The 
value  of  this  irradiation  was  determined  by  the  following  device 
which  occurred  to  me,  and  which  if  accurately  made  should  give 
the  irradiation  absolutely.  From  the  point  of  contact  the  thread  is 
moved  till  the  bright  background  seems  equal  to  the  width  of  the 
thread.     We  then  have  the  following  equation,  in  which 

a  ==.  width  of  thread. 

6  =.  width  moved  from  contact  to  one  apparent  thread  apart. 
X  =  the  irradiation. 
a  —  2x=:id-\-  2x. 

or 

x  =  ^^^ 
"4 
d  proved  =0".  14 

whence  the  effective  width  of  the  thread  was  o".i8. 

The  P.A.'s  used  were  got  either  directly  or  by  plotting  all  the 
P.A.'s  taken  and  then  drawing  the  centre  of  gravity  line  between 
them. 
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16.  The  first  thing  that  appears  from  the  tables  is  that  the  observa- 
tions cannot  be  satisfied  by  the  supposition  of  one  cloud  alone  on 
either  day.  It  is  necessary  to  suppose  two  on  each  occasion,  a  high 
cloud  followed  by  a  much  lower  one.  The  height  of  the  lower 
cloud  was  about  three  to  four  miles,  and  it  lay  to  the  west  and 
north  of  the  main  one. 

The  east  ward, end  of  the  main  cloud  on  December  7  was  in  lati- 
tude 4^.7,  longitude  333° ;  its  westward  end  in  latitude  3°.  6,  longi- 
tude 339°.  So  that  the  cloud  either  stretched  this  distance  or 
moved  over  it  in  the  interval.  From  the  great  speed  required  it  is 
unlikely  that  the  cloud  actually  travelled  this  distance  in  this  time. 
If  translation  took  place  at  all,  it  was  probably  the  translation  of 
propagation.  But,  from  the  phenomena  of  the  next  night,  it  would 
seem  more  likely  that  the  cloud  really  stretched  over  6°,  or  220 
miles.  Its  breadth  was  ^  thread  or  o".09,  which  is  forty-five 
miles. 

The  dimensions  of  the  subsidiary  cloud,  or  subsidiary  portion  of 
the  main  cloud,  are  much  more  conjectural.  It  would  seem  to  have 
been  of  about  the  same  extent  as  the  main  body. 

On  December  8  the  main  cloud  was  slightly  less  long  but  broader 
than  it  had  been  on  the  preceding  night ;  the  subsidiary  patch  was 
not  much  changed.  But  both  clouds  had  in  the  interval  drifted 
1 7°  to  the  eastward  and  3°  or  so  to  the  north.  Whether,  therefore, 
the  clouds  were  being  propagated  or  not  in  a  west-by-north  direc- 
tion each  night,  it  would  seem  that  either  they  or  the  stratum  of 
air  which  generated  them  was  drifting  east  by  north  at  the  rate  of 
17°  4-  in  twenty-three  and  a  half  hours,  or  at  the  rate  of  twenty- 
seven  miles  an  hour. 

17.  Looking  back  now,  with  this  motion  in  mind,  in  the  records 
of  the  1 2th  December,  §  1 1,  we  find  that  the  place  the  clouds  should 
have  occupied  on  that  date  (longitude  centre  302° — 3i7°)i  if  the 
same  translation  had  been  kept  up,  was  under  careful  observation 
for  such  phenomena  and  nothing  whatever  was  seen.  Indeed,  so 
comprehensive  in  extent  were  the  observations,  that  any  less  speed 
of  traublation  should  also  have  caused  the  clouds  to  fall  within  the 
limits  of  inspection,  and  even  a  somewhat  greater  speed  should 
have  done  so  too.  ' 

On  the  13th  the  place  they  should  have  reached  was  scrutinized. 
The  observations  covered  from  longitude  centre  280°  to  208°. 
Nothing  showed.  The  same  was  done  on  the  15th,  longitude 
centre  276°-285°. 
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We  may  conclude,  I  think,  that  the  cloud  formation  had  dissi- 
pated at  some  time  between  the  8th  and  the  12th. 

18.  The  season  of  the  martian  year  at  which  these  clouds  occur- 
red is  of  interest.  On  December  7,  1901,  it  was  April  26  in  the 
northern  hemisphere  of  Mars.  The  sun  had  gone  north  of  the 
equator  and  was  then  overhead  on  the  fourteenth  parallel  of  htitude. 
The  heat  equator  was  a  little  behind  it.  Apparently  then  a  current 
bearing  the  clouds  was  setting  toward  the  heat  equator  from  within 
the  tropics  to  the  south,  where  the  season  corresponded  to  the  end 
of  October.  This  current  was  deflected  some  eighty  degrees  to 
the  east,  and  became  an  east-by-north  wind. 

19.  Its  origin  may  have  been  local.  A  little  to  the  south  of  where 
the  cloud  first  appeared  lies  the  long  east-and-west  stretch  of  the 
Sabaeus  Sinus  or  Icarium  Mare.  Now  the  form  of  the  cloud  was 
of  the  same  general  shape — a  cloud  stretching  east  and  west  five 
times  as  far  as  it  did  north  and  south.  The  Icarium  Mare  is 
undoubtedly  a  great  tract  of  vegetation,  where  moisture  would  be 
held  and  whence  it  could  accordingly  be  given  off.  Arising  there, 
either  from  seasonal  or  temporal  cause,  the  vapor  would  gather  into 
a  cloud  and  proceed  to  float  away  over  the  desert  regions  to  the 
north.  If  this,  then,  is  what  happened  in  the  case  before  us,  we 
may  conceive  the  cloud  as  having  been  generated  on  the  6th  of 
December  over  the  Icarium  Mare,  rising  to  a  height  of  thirteen 
miles,  and  then  traveling  east  by  north  at  about  twenty-seven  miles 
an  hour  off  into  the  desert  of  Aeria,  there  to  dissipate  after  an 
existence  of  three  or  four  days.  That  it  was  a  phenomenon  of 
capricious  not  of  regular  production  is  shown  by  its  not  having 
been  repeated — that  is,  it  partook  of  the  subtle  unpredicability  of 
cloud. 


Stated  Meeting^   December  20^  1901, 

Vice-President  Sellers  in  the  Chair. 

Present,  30  members. 

Mr.  C.  Stuart  Patterson  read  a  memoir  of  the  late  Hon. 
Frederick  Fraley,  LL.D.,  President  of  the  Society. 

The  meeting  was  adjourned  by  the  presiding  officer . 


OBITUARY  NOTICES  OF  MEMBERS  DECEASED. 
FREDERICK  FRALEY,  LL.D., 

PRESIDENT  OP  THE  SOCIETY. 

(Read  December  £0,  1901,) 

Frederick  Fraley,  the  fifteenth  President  of  the  American  Philo- 
sophical Society,  died  on  the  23d  day  of  September,  190 1,  in  the 
ninety-eighth  year  of  his  age.  He  had  been  an  active .  member  of 
the  Society  for  more  than  fifty-nine  years.  After  long  service  as  a 
Secretary  and  as  a  Vice-President,  he,  on  2d  January,  1880,  re- 
ceived the  merited  honor  of  an  election  to  the  Presidency,  and  for 
more  than  twenty- one  years  he  administered  that  office  of  great 
distinction,  as  he  performed  every  duty,  with  fidelity  and  ability. 

He  brought  to  the  discharge  of  his  many  duties  a  wide  acquaint- 
ance with  books,  with  men,  and  with  affairs. 

He  was  always,  and  to  the  very  end,  a  student  and  an  omnivorous 
reader.  To  paraphrase  a  famous  saying,  nothing  was  too  great  for 
his  care  and  nothing  too  trivial  for  his  attention.  He  mastered  the 
political,  the  economic,  and  the  industrial  history  of  his  country. 
He  made  himself  profoundly  learned  in  everything  that  could 
possibly  have  relation  to  the  national  finances,  and  he  became  a 
reservoir  of  accurate  and  thorough  information  as  to  the  loans  and 
the  currency  of  the  United  States.  He  kept  himself  in  touch  with 
the  scientific  progress  of  the  nineteenth  century.  He  read  not  only 
many  of  the  best  books  of  his  time,  but  he  also  from  lime  to  time 
found,  as  many  other  men  have  found,  mental  rest  and  recreation 
in  works  of  fiction,  old  and  new.  And  with  it  all,  he  never  failed 
to  hear  the  news  of  the  day  and  to  feel  and  express  a  lively  interest 
in  everything  of  real  importance  that  went  on  in  the  world. 

Mr.  Fraley  was  a  member  of  the  Committee  of  Arrangements  for 
the  Society's  Centennial  Celebration  of  1843.  ^^  '9^^  October, 
1877,  he  read  before  the  Society  a  brief  but  comprehensive  and 
sympathetic  biographical  notice  of  his  brother-in-law,  John  C. 
Cresson.  On  15  th  March,  1880,  he  presided  upon  the  occasion  of 
the  Centennial  Anniversary  of  the  Incorporation  of  the  Society, 
and  he  then  delivered  an  address,  in  which  he  fittingly  described 
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the  services  to  the  Society  which  had  been  severally  performed  by 
each  of  his  fourteen  predecessors  in  the  Presidency,  with  all  of 
whom,  excepting  the  first  three,  he  had  been  personally  acquainted, 
and  with  the  last  six  of  whom  he  had  been  upon  terms  of  intimate 
friendship.  On  3d  November,  1882,  he  contributed  to  the  Society's 
Proceedings  a  minute  upon  the  Bi-Centennial  Celebration  of  that 
year.  On  21st  November,  1889,  he  presided  over  the  Society's 
commemoration  of  the  Centennial  Anniversary  of  the  occupation 
of  its  present  hall,  and  he  delivered  an  instructive  address,  in  which 
he  briefly  commented  upon  the  most  important  points  in  the  history 
of  the  Society.  On  17th  April,  1890,  on  the  occasion  of  the  Cen- 
tennial Anniversary  of  the  death  of  Benjamin  Franklin,  he  eulo- 
gized the  illustrious  founder  of  the  Society.  On  23d  May,  1893, 
the  one  hundred  and  fiftieth  Anniversary  of  the  Founding  of  the 
Society,  Mr.  Fraley  presided  and  delivered  graceful  speeches  wel- 
coming the  guests  of  the  Society. 

Mr.  Fraley  attended  the  meetings  of  the  Society  with,  as  he  said, 
** reasonable  regularity"  until,  in  his  later  years,  physical  infirmi- 
ties deprived  him  of  that  pleasure.  He  had,  from  the  time  of  his 
admittance  to  the  Society,  a  pride  in  its  history  and  achievements, 
a  full  appreciation  of  its  lofty  purposes,  and  a  confident  hope  that 
it  will,  as  he  expressed  it  in  his  speech  of  1889,  "  Rouse  itself  up 
with  energy  to  the  work  that  is  demanded  of  it  at  the  present  time 
and  use  the  means  and  the  influence  that  it  has,  and  the  power  that 
it  ought  to  exercise,  in  the  community  for  the  promoting  of  every- 
thing connected  with  usefulness  to  man — everything  that  will  tend 
to  improve  his  moral  and  intellectual  character,  and  everything 
that  will  enable  him  to  rise  with  higher  appreciation  to  what  is 
good." 

Mr.  Fraley  said,  in  his  address  of  1889,  "If  I  have  had  any 
useful  career  in  life,  I  owe  much  to  what  I  have  learned  in  the 
Franklin  Institute  and  in  the  American  Philosophical  Society.'* 
In  his  earlier  years  his  participation  in  the  proceedings  of  the 
Franklin  Institute  gave  him  a  love  of  study  and  an  interest  in  the 
scientific  and  industrial  progress  of  the  world.  In  the  years  of  his 
maturity  his  mind  w  broadened  by  his  association  with  the  men 
who  then  constituted  the  membership  of  this  Society,  and  with 
them  he  learned  to  **  love  truth  for  truth's  sake.** 

Mr.  Fraley  was  for  eighty  years  an  active  man  of  business. 
After  a  preliminary  training  in  a  store,  he  was  for  fourteen  years  a 
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partner  in  a  mercantile  firm.  He  was  for  seven  years  the  Secretary 
of  the  American  Fire  Insurance  Company.  He  was  for  twenty- 
three  years  the  President  of  the  Schuylkill  Navigation  Company, 
which  during  that  period  operated  its  canals  as  successfully  as  could 
be  in  the  face  of  active  and  increasing  railroad  competition.  He 
was,  during  the  years  of  preparation,  the  brief  six  months  of  exhi- 
bition, and  the  subsequent  years  of  liquidation,  the  Treasurer  of  the 
Centennial  Board  of  Finance,  and  as  such  he  was  the  custodian 
and  disburser  of  the  many  millions  of  dollars  which  were  received 
and  expended  in  the  successful  conduct  of  the  great  Exhibition  of 
1876.  For  the  last  twenty-three  years  of  his  life  he  was  the  Presi- 
dent of  the  Western  Saving  Fund  Society,  and  during  the  years  of 
his  wise  administration  the  deposits  of  that  Society  grew  from  less 
than  three  millions  of  dollars  to  almost  sixteen  millions  of  dollars 
and  its  assets  increased  in  a  larger  proportion. 

Mr.  Fraley  possessed  in  a  high  degree  the  qualifications  that  are 
desirable  in  the  official  head  of  a  corporation  that  has  charged 
itself  with  the  duty  of  keeping  safely  the  moneys  of  its  depositors, 
and  which  does  not  have  shareholders  for  whom  dividends  are  to 
be  made.  He  had  an  ever-present  conscientious  sense  of  duty  to 
those  to  whom  the  corporation  stands  in  a  fiduciary  relation.  He 
had  that  conservative  temperament  which  indisposed  him  to  risk 
anything  in  a  doubtful  investment,  however  tempting  its  promises 
of  profits.  While  during  his  later  years  he  may  sometimes  have 
seemed  to  be  too  cautious,  it  was,  if  an  error,  certainly  an  error 
upon  the  right  side.  He  knew  thoroughly  the  history  and  the 
principles  of  the  science  of  finance.  He  could  weigh  with  dis- 
criminating judgment  the  reasons  for  or  against  any  particular  course 
of  action.  He  could  say  **No,''  pleasantly  but  firmly.  Down  to 
the  last  day  of  his  active  business  lifo,  and  that  was  as  recently  as 
the  tenth  day  of  the  May  preceding  his  death,  he  could  not  only, 
as  js  usual  with  very  old  people,  remember  the  events  of  long  ago, 
but  he  could  report  accurately  and  in  detail  discussions  and  con- 
clusions of  recent  days.  He  was  especially  remarkable  in  a  diffi- 
cult exercise  of  memory,  in  that  he  was  accustomed  to  calculate  by 
mental  arithmetic  the  annual  yield  of  an  investment  bought  at  a 
premium  and  with  a  postponed  maturity.  For  the  accomplishment 
of  that  result  men  of  a  less  mathematical  turn  of  mind,  and  with  a 
weaker  memory,  habitually  use  printed  tables  prepared  for  that  pur- 
pose.    Mr.  Fraley  had  early  in  life  formed  the  habit  of  precise  and 
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accurate  statement,  and  he  never,  to  the  knowledge  of  those  who  were 
closely  associated  with  him,  made  a  mistake  in  mentioning  a  name 
or  a  figure.  This  too  must  be  said :  Mr.  Fraley  was  to  his  subordi- 
nates the  most  delightful  of  chiefs.  He  was  uniformly  courteous 
and  considerate  under  circumstances  pleasant  or  trying,  and  he  was 
always  anxious  to  give  to  any  one  who  served  under  his  command 
more  than  full  credit  for  whatever  was  done. 

But  neither  the  daily  work  of  business,  nor  the  delights  of  liter- 
ature, nor  active  participation  in  the  duties  and  the  pleasures  of 
this  Society  could  sufficiently  absorb  Mr.  Fraley's  energies.  In 
1824  Mr.  Fraley  was  one  of  the  founders  of  the  Franklin  Institute, 
and  for  seventy-seven  years  he  was  an  active  member  of  that 
Society  of  world-wide  reputation  and  distinguished  achievements, 
whose  doors  have  been  always  open  to  receive  students  of  science 
and  the  useful  arts.  In  1853  Mr.  Fraley  took  his  seat  as  a  Trustee 
of  the  University  of  Pennsylvania,  and  during  his  forty-eight  years 
of  service  that  great  institution  of  learning  has,  by  reason  of  the 
earnest  efforts  of  its  successive  Provosts,  Trustees,  and  instructors,  the 
loyal  support  of  its  Alumni,  and  the  generous  gifts  of  money  by  the 
broad-minded  men  and  women  who  have  written  their  names  upon 
the  roll  of  the  benefactors  of  the  University,  become  the  centre  of 
the  intellectual  life  of  Philadelphia  and  one  of  the  foremost  colleges 
of  the  country.  • 

Dr.  William  Pepper,  to  whom  this  Society  and  the  University 
owe  debts  which  never  can  be  paid,  said  of  Mr.  Fraley,  that  during 
more  than  forty  years  **  he  had  been  prominently  engaged  in  all 
the  efforts  which  had  brought  the  University  to  the  prosperous  and 
powerful  position  she  now  commands.  He  enjoyed  in  a  rare  degree 
the  love  and  confidence  of  Trustees  and  Faculties,  and  no  language 
could  convey  an  adequate  sense  of  the  value  of  his  benignant  influ- 
ence, of  his  universal  charity,  of  his  wise  counsels,  and  of  his  con- 
stant loyal  co-operation.  I  am  confident  the  University  never  had 
a  truer  friend,  nor  a  more  faithful  and  unselfish  servant." 

Mr.  Fraley  was  in  1833  a  founder,  and  for  sixty-eight  years  a 
member,  for  sixty-seven  years  a  Director,  and  for  fourteen  years  the 
President  of  the  Philadelphia  Board  of  Trade,  which,  under  his 
leadership,  has  devoted  itself  to  the  improvement  of  facilities  for 
transportation  by  land  and  water,  to  the  increase  of  commerce,  to 
the  growth  of  manufactures,  to  the  maintenance  of  a  solid  financial 
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system,  and,  in  Mr.  Fraley's  words,  to  "the  development  of  those 
impersonal  interests  that  make  the  prosperity  of  a  great  city." 

Upon  the  formation,  in  1868,  of  the  National  Board  of  Trade 
as  a  federation  of  all  the  commercial  organizations  of  the  country, 
Mr.  Fraley  was  chosen  as  its  President,  and  for  thirty-three  years 
he  was  successively  re-elected  to  that  high  office  by  the  unanimous 
action  of  delegates  coming  from  every  part  of  the  country,  and 
bound  to  him  by  no  tie  other  than  a  just  appreciation  of  his  char- 
acter, ability,  and  impartiality. 

In  all  of  the  many  bodies,  corporate  or  voluntary,  public,  busi- 
ness, or  social,  over  which  Mr.  Fraley  presided,  or  in  whose  delib- 
erations he  actively  participated,  for  so  many  years  and  to  the  end, 
he  was  a  forceful  leader,  for  he  always  had  clear  and  decided  views 
upon  all  questions  which  came  to  be  considered,  he  had  the  courage 
and  the  ability  to  give  to  those  views  adequate  expression,  and  he 
had  the  tact  and  equability  of  temper  which  enabled  him  not  only 
to  persuade  but  also  to  convince. 

He  was  an  exceptionally  well-qualified  presiding  officer.  He  had 
a  thorough  knowledge  of  parliamentary  law  and  practice  and  an 
unusual  readiness  in  the  application  of  his  knowledge.  He  was 
instinctively  fair-minded,  and,  therefore,  he  was  always  impartial. 
He  had  an  unrivaled  facility  of  felicitous  expression,  and,  to  those 
who  could  appreciate  him,  it  was  an  intellectual  pleasure  to  listen 
to  the  graceful  speeches  which  he  was,  from  time  to  time,  accus- 
tomed to  address  to  the  Societies  and  Boards  over  which  he  pre- 
sided. 

He  had  a  strong  sense  of  public,  as  well  as  of  private,  duty,  and 
he  had  no  sympathy  with  that  spirit  of  destructive  criticism  which 
contents  itself  with  deploring  the  existence  of  evils  which  it  does 
not  try  to  mend. 

He  held  public  office,  and  he  achieved  results  in  State  and  muni- 
cipal politics,  without  sacrifice  of  independence  or  loss  of  self- 
respect.  In  1839  he  was  a  member  of  the  National  Convention  of 
the  Whig  Party,  which  nominated  William  Henry  Harrison  for 
election  as  President  of  the  United  States.  From  1834  to  1837  he 
sat  in  the  Common  Council  of  the  old  City  of  Philadelphia. 
From  1837  to  1840  he  served  with  credit  in  the  Senate  at  Harris- 
burg.  In  1834  he  successfully  accomplished,  against  the  opposition 
of  the  most  respectable  conservatism  of  the  leading  citizens  of  that 
dskj,  the  introduction  of  street  and  house  lighting  by  gas,  and  his 
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was  the  financial  plan  which  made  possible  at  that  time  the  con- 
struction and  operation  of  the  municipal  gas  works.  In  1853,  1854 
and  1855  he  actively  participated  iu  the  popular  efforts  to  secure 
the  consolidation  of  the  city,  and  his  is  the  plan  of  municipal 
financing  and  accounting  which  is  now  in  force,  unchanged  by 
later  legislation,  and  largely  effective  to-day  in  the  high  credit  of 
the  city  loans. 

His  was  the  plan  under  which  Girard  College  was  successfully 
administered  as  a  school  for  orphans  before  the  organization  of  the 
Board  of  City  Trusts. 

When  in  1861  the  existence  of  the  Government  of  the  United 
States  and  the  permanency  of  free  institutions  were  threatened  by 
an  armed  insurrection,  Mr.  Fraley  saw  clearly  the  duty  of  the 
citizen,  and  he  voiced  the  sentiments  of  that  loyalty  which  put 
country  above  party  in  words  which  are  worthy  of  lasting  record. 
On  30th  November,  1861,  he  published  a  letter,  in  which  he  said: 

*'I  have  both  publicly  and  privately  expressed  the  following 
opinions  hitherto,  and  have  so  far  seen  no  cause  for  changing  them. 

**  First — That  it  is  the  duty  of  every  one,  with  head,  heart,  hand 
and  purse,  to  aid  the  general  Government  in  putting  down  the 
rebellion,  and  in  reducing  to  obedience  to  the  Constitution  and 
laws  of  the  United  States  those  who  are  in  arms  against  the  sov- 
ereign authority  of  the  Union.  That  aid  is  to  be  cordially  given, 
with  a  proper  confidence  that  those  who  have  been  entrusted  by  the 
American  people  with  the  responsibilities  of  power  will  honestly 
and  faithfully  execute  the  high  trusts  committed  to  them. 

"Second — That  we  are  not  engaged  in  a  war  for  the  prevalence 
of  any  peculiar  set  of  political  opinions,  but  one  which  is  to  deter- 
mine by  its  results  whether  we  have  a  National  Government,  bind- 
ing in  absolute,  supreme  and  complete  sovereignty  over  individuals 
and  States  for  every  object  defined  in  the  Constitution  of  the 
United  States,  or  whether  the  nation  is  to  be  broken  up  by  every 
accidental  majority  that  may  place  State  Legislatures  in  the  power 
of  traitors  or  fanatics. 

**  Third — That,  having  by  the  Constitution  and  various  com- 
promise laws  given  to  the  institution  of  slavery  every  protection 
hitherto  which  it  could  legitimately  claim,  and  having  failed  thereby 
to  avoid  an  appeal  to  a  power  outside  of  the  Constitution  (the 
appeal  to  arms  made  by  the  traitors  of  the  South),  it  is  now  our 
duty  so  to  deal  with  the  slave  question  that  it  shall  no  longer 
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jeopard  the  peace,  happiness  and  prosperity  of  the  people  of  the 
United  States,  and  that  the  thoughts  of  every  patriot  should  be 
turned  to  measures  for  the  gradual  abolition  of  slavery,  by  compo- 
sitions with  loyal  citizens  of  the  South  for  the  freedom  of  all 
persons  born  after  a  certain  day,  and  by  the  speedier  method  of 
immediate  freedom,  with  properly  guarded  and  limited  political 
and  social  rights,  for  the  slaves  of  all  who  may  continue  in  treason 
and  rebellion." 

Those  of  us  who  were  living  at  that  time  and  who  remember  the 
conflict  of  opinion  in  Philadelphia  between  the  supporters  and  the 
opponents  of  the  Government,  and  the  strong  personal  and  social 
influences  which  were  arrayed  in  this  city  against  a  vigorous  prose- 
cution of  the  war,  will  fully  appreciate  the  force  of  Mr.  Fraley's 
frank  declaration  and  will  regard  it  as  both  patriotic  and  states- 
manlike. 

It  is  but  right  to  add  in  this  connection  that  no  one  more  fully 
than  Mr.  Fraley  rejoiced  in  later  years  that  the  wounds  of  war  had 
been  healed  and  that  North  and  South  were  united  under  one  flag 
in  the  full  enjoyment  of  a  common  prosperity. 

Animated  by  the  sentiments  to  which  he  had  given  such  clear 
expression,  Mr.  Fraley  as  a  private  citizen  loyally  supported  the 
Government  in  all  its  efforts  to  raise  men  and  secure  money  for  the 
suppression  of  the  insurrection,  and  his  only  regret  was  that  his 
years  forbade  him  to  serve  as  a  soldier  in  the  field.  In  furtherance 
of  his  patriotic  purposes  he  became  one  of  the  founders  of  the 
Union  League,  and  he  labored  earnestly  for  the  success  of  the  Sani- 
tary Commission  Fair  of  1864. 

So  long  as  the  relative  rates  and  costs  of  production  of  gold  and 
silver  preserved  an  approximate  stability  in  the  market  prices  of  the 
metals  Mr.  Fraley,  as  a  scientific  bimetallist,  advocated  the  double 
or  alternating  standard  of  value ;  but  when  the  conditions  changed, 
no  one  more  clearly  than  he  saw  that  to  admit  silver  to  free  coin- 
age would  result  in  silver  monometallism,  and  would  inevitably  be 
followed  by  national  repudiation  and  individual  bankruptcies.  He, 
therefore,  vigorously  opposed  the  silver  legislation  of  1878  and 
1890,  and  in  1891  he  appeared  as  a  representative  of  the  Philadel- 
phia Board  of  Trade  before  the  Coinage  Committee  of  the  House  of 
Representatives  and,  as  the  report  of  the  Board  of  Trade  for  that 
year  states,  "  going  over  the  history  of  the  coinage  laws  of  the 
United  States,  from  the  beginning  of  the   nation  down  to  that 
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time,  and  giving  a  clear  exposition  of  the  laws  of  trade  in  relatioa 
to  the  action  and  influences  of  the  coinage  of  the  precious  metals 
under  the  different  ratios  of  silver  to  gold,  he  argued  that  inevi- 
table danger  and  disaster  would  ensue  should  the  bill  pass  author- 
izing the  free  and  unlimited  coinage  of  the  silver  of  the  whole 
world  at  the  artificial  standard  contemplated."  The  result  was 
that  "the  Coinage  Committee,  on  February  20th,  reported  the 
Free  Coinage  bill  to  the  House  with  an  adverse  recommendation. "^ 

One  of  Mr.  Fraley's  audience  upon  that  occasion,  Mr.  William 
V.  McKean,  for  so  many  years  the  honored  Editor-in-Chief  of  the 
Philadelphia  Public  Ledger^  and  by  reason  of  his  knowledge  of  the 
financial  history  of  the  country  and  his  trained  intelligence  a  most 
competent  critic  of  such  a  performance,  has  recently  said  of  Mr. 
Fraley's  speech  that  it  covered  the  whole  history  of  the  silver  coin- 
age from  the  beginning  of  the  Government  to  the  date  of  its  de- 
livery, that  it  omitted  nothing  historically  or  inferentially  which 
could  elucidate  the  subject,  and  that  spoken  as  it  was  by  a  man 
then  eighty -seven  years  of  age,  without  reference  to  a  paper  or  a 
note,  and  compressed  and  clear,  it  was,  in  its  character  and  in  its 
effect  upon  its  hearers,  nothing  less  than  marvelous. 

In  the  memorable  national  campaign  of  1896  Mr.  Fraley  assisted 
by  his  wise  counsel  in  the  educational  and  other  efforts  of  the 
Sound  Money  League  of  Pennsylvania. 

Mr.  Fraley  had  throughout  his  life  an  exceptional  facility  in 
attracting  and  attaching  friends  to  himself.  To  mention  all  of 
those  with  whom  during  his  life  he  was  on  terms  of  intimate  friend- 
ship would  be  to  give  the  names  of  not  only  the  best  citizens  of 
Philadelphia,  but  also  the  names  of  many  distinguished  men  from 
every  part  of  our  country  for  the  last  seventy  years.  He  drew  all 
these  men  to  himself  by  his  kindness  of  heart,  his  unfailing  cour- 
tesy, his  sincerity,  his  wide  and  varied  information  and  his  keen 
sense  of  humor. 

It  is  deeply  to  be  regretted  that  he  never  committed  to  writing 
the  reminiscences  of  men  and  of  affairs  with  which  he  was  accus- 
tomed to  interest  those  who  were  fortunate  enough  to  be  admitted 
into  intimate  intercourse  with  him. 

Mr.  Fraley  never  undervalued  the  uses  or  the  advantages  of 
wealth,  yet  he  did  not  care  for  wealth  for  its  own  sake,  and  he 
thought  that  there  were  other  things  in  life  better  worth  having, 
such  as  the  truth,  the  steadfastness,  the  unselfishness,  the  charity 
and  the  peace  of  conscience  that  go  to  the  making  of  and  accompany 
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a  fine  character,  and,  having  these  better  things,  he  had  no  cause 
to  envy  people  who  have  wealth  and  nothing  more. 

In  the  later  years  of  his  life  Mr.  Fraley  had  to  endure  the  physi- 
cal infirmities  of  old  age  in  diminished  powers  of  locomotion  and 
in  defective  eyesight,  amounting  almost  to  blindness.  He  bore  his 
trials  patiently  and  bravely,  and  he  was  spared  the  more  distressing 
infirmities  of  old  age,  for  he  retained  his  clearness  of  mind  to  the 
last  hour  of  his  conscious  existence. 

It  is  not  surprising  that  Mr.  Fraley  should  have  lived  to  years  far 
beyond  the  period  of  the  life  of  most  men,  for  he  inherited  from 
his  sturdy  ancestry  a  vigorous  constitution,  he  led  a  regular  and 
a  temperate  life,  without  excesses  and  without  undue  restraint  upon 
enjoyment,  he  never  gave  way  to  anger  or  to  vain  repinings,  and  he 
was  uniformly  cheerful  and  hopeful. 

Mr.  Fraley  was  born  in  the  last  year  of  President  Jefferson's  first 
administration  and  he  died  after  President  Roosevelt  had  succeeded 
to  office.  During  his  lifetime  the  railway,  the  steamship,  the  tele- 
graph, and  the  telephone  have  revolutionized  civilized  existence  ; 
villages  have  grown  to  be  great  cities ;  our  country  has  survived 
the  shock  of  foreign  and  of  civil  v/ar ;  its  States,  which  had  been 
separated  by  distance  and  by  time,  and  which  had  been  united 
only  in  name,  have  been  welded  into  a  nation  which  is  to-day  one 
of  the  great  empires  of  the  world.  In  other  countries  ruler  after 
ruler  has  ascended  the  throne  and  has  in  his  turn  passed  away  ; 
frontiers  of  kingdoms  have  been  obliterated  and  new  frontiers 
created ;  and  the  map  of  Europe,  of  Asia,  and  of  Africa  has  been 
changed  again  and  again. 

To  have  lived  through  the  period  when  these  momentous  events 

were  happening,  and  after  ninety-seven  years  to  have  died  in  the 

unimpaired  enjoyment  of  his  mental  faculties,  would  have  made 

any  man  remarkable  ;  but  Frederick  Fraley,  as  he  was  known  to  the 

men  who  were  closest  to  him,  was  remarkable  not  only  because  of 

his  long  life  and  not  only  because  of  the  century,  through  almost 

the  whole  of  which  he  had  lived,  but  also  and  chiefly  because  of 

his  varied  knowledge,  his  power  of  expression,  his  steadfastness  of 

purpose,  and  his  many  attractive  qualities. 

It  can  be  said  of  Frederick  Fraley,  as  of  few  men,  that  he  never 

shrank  from  the  performance  of  any  duty,  that  he  was  faithful  to 

every  trust,  that  his  continued  living  was  a  pleasure  and  his  death 

a  personal  loss  to  all  who  knew  him. 

C.  Stuart  Patterson. 
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FREDERICK  AUGUSTUS  GENTH. 
{Read  December  6,  1901.) 

One  of  the  sciences  in  which  this  country  has  made  itself  dis- 
tinguished, especially  upon  the  chemical  side,  is  the  science  of 
mineralogy.  In  proof  of  this  it  is  necessary  only  to  mention  the 
names  of  Dana,  of  Lawrence  Smith,  of  Sterry  Hunt,  of  Brush,  of 
Shepard,  of  Cooke  and  of  Genth.  Among  these  eminent  men, 
perhaps  none  of  them  devoted  himself  with  more  assiduity  to  this 
science  than  did  our  late  colleague,  Prof.  Dr.  Genth. 

Friedrich  August  Ludwig  Karl  Wilhelm  Genth  was  born  in  the 
village  of  Waechtersbach,  in  Hesse,  on  May  17,  1820.  On  his 
father's  side,  his  family  was  an  old  Hesse-Nassau  family,  most  of 
whom  resided  in  the  vicinity  of  Wiesbaden.  His  father  was  Georg 
Friedrich  Genth,  High  Forester  to  Prince  Issenbourg,  and  his 
mother  was  Karoline  Amalie  Genth,  her  maiden  name  having  been 
Freyin  von  Schwarzenau.     Her  family  lived  in  Darmstadt. 

From  his  earliest  days  young  Genth  was  taught  by  his  father  to 
take  an  interest  in  the  phenomena  of  nature  ;  whereby  his  powers 
of  observation  became  developed  and  his  enthusiasm  awakened  in 
the  natural  sciences,  especially  in  botany,  mineralogy  and  geology. 
He  entered  the  Hanau  Gymnasium  at  the  age  of  sixteen,  this  insti- 
tution being  then  under  the  direction  of  Dr.  Schuppius.  There  he 
remained  for  three  years,  graduating  on  the  26th  of  September, 
1839,  fully  prepared  for  his  university  course.  On  the  nth  of 
November  following,  he  matriculated  at  the  University  of  Heidel- 
berg, and  came  under  the  instruction  of  Gmelin  in  chemistry, 
Bischoff  in  botany,  and  Blum  and  Leonhard  in  geography,  geology 
and  mineralogy,  these  being  the  sciences  to  which  he  had  already 
paid  some  attention.  Owing  to  the  pressure  of  family  matters  he 
left  Heidelberg  in  August,  1841,  and  in  the  following  November 
became  a  student  in  the  University  of  Giessen,  devoting  himself 
mainly  to  chemistry  and  studying  under  Fresenius  and  Kopp,  and 
particularly  of  Liebig.  Ill  health,  however,  compelled  him  to  leave 
Giessen  in  April,  1843.     Subsequently,  in  May,  1844,  he  entered 
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the  University  of  Marburg,  studying  chemistry  under  Bunsen  and 
physics  under  Gerling.  In  January,  1845,  ^^^  presented  his  disser- 
tation to  the  Faculty  and  was  graduated  with  the  degree  of  Philo- 
sophiae  Doctor.  The  subject  of  this  thesis  was :  **  Beitrage  zur 
Kenntniss  des  Kupferschieferhiitten-processen,  erlautert  durch  die 
Untersuchung  der  auf  der  Friedrichshiitte  bei  Riechelsdorf  gewon- 
nenen  Producte. ' '  Shortly  afterward  he  became  Chemical  Assistant 
to  Prof.  Bunsen,  and  was  subsequently  appointed  a  Privat-Docent  in 
the  University.  He  held  this  position  tor  about  three  years,  resign- 
ing it  in  the  spring  of  1 848.  In  tiie  summer  of  that  year  he  sailed  for 
Baltimore,  and  soon  after  his  arrival  there  he  went  to  Philadelphia, 
where  he  established  one  of  the  earliest  analytical  laboratories  in 
America.  In  the  fall  of  1849  he  received  an  offer  of  the  position 
of  Superintendent  of  the  Washington  (now  Silver  Hill)  mine,  in 
Davidson  county.  North  Carolina.  This  offer  he  accepted,  giving 
up  his  laboratory  in  Philadelphia  and  removing  in  October  to 
Davidson  county.  Here  he  remained  until  August,  1850,  when  he 
resigned  this  position  and  returned  again  to  Philadelphia,  where  he 
reopened  his  analytical  laboratory  and  devoted  himself  to  research, 
to  commercial  analysis  and  to  the  instruction  of  special  students  in 
chemistry.  It  was  in  this  laboratory  that  the  chief  part  of  his 
admirable  work  on  the  ammonia-cobalt  bases,  as  well  as  the  earlier 
portions  of  his  mineralogical  investigations,  was  done.  This  work 
of  research  attracted  general  attention,  and  in  1872,  upon  the 
death  of  Prof.  Weiherill,  he  was  tendered  the  Professorship  of 
Chemistry  in  the  University  of  Pennsylvania,  then  just  entering 
upon  the  new  era  of  prosperity  consequent  upon  its  removal  to  West 
Philadelphia.  This  position  he  at  first  declined  because  of  the 
pecuniary  sacrifice  which  it  involved  ;  but  subsequently  he  accepted 
it  with  the  understanding  that  his  private  work  might  still  be  car- 
ried on.  He  continued  to  hold  his  chair,  with  credit  to  himself 
and  satisfaction  to  his  colleagues,  until  the  fall  of  1888,  when  he 
severed  his  connection  with  the  University  and  for  the  third  time 
returned  to  his  private  research  laboratory  and  to  his  professional 
work. 

The  earliest  scientific  paper  published  by  Dr.  Genth  appeared  in 
Leonhard  and  BronrC s  Jahrbuch  for  1842.  It  was  entitled  *' Bin- 
nenconchylien  lebender  Arten  im  Kalktuff  von  Ahlersbach,"  and 
shows  the  influence  not  only  of  his  father's  early  training  in  the 
natural  sciences,  but  also  of  that  of  Leonhard,   with  whom   he 
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Studied  geology  in  Heidelberg.  A  second  geological  paper 
appeared  during  the  same  year  with  the  title  "  Alter  verschicdcner 
Zechsteine ;"  and  in  1848  he  published  two  similar  papers  in  the 
Jahrbuchy  entitled  respectively  "  Eocene  Schichten  mit  Beschrei- 
bung  der  Petrifacten  "  and  **  Miocene  Geognosie  des  Mainzer 
Beckens.** 

It  was  in  Giessen,  however,  under  the  influence  of  Liebig,  and 
particularly  in  Marburg,  v/here  he  studied  with  Bunsen,  that  Dr. 
Genth's  mind  received  its  strong  bias  in  the  direction  of  chem- 
istry. Even  in  1845,  before  taking  his  Doctor's  degree,  he  pub- 
lished papers  on  **  Prehnite,  a  Pseudomorph  after  Analcime;"  on 
"  Chemical  Examination  of  Masopin,  a  new  Gum-resin,"  and  on 
"  The  Analysis  of  Various  Refined  Coppers."  Two  manuals  by 
him — one  a  "Tabular  Review  of  the  More  Important  Reactions  of 
Bases,"  and  the  other  a  similar  work  on  the  Acids — appeared  soon 
after  his  graduation. 

The  purely  chemical  papers  of  Dr.  Genth  number  in  all  thirty- 
one.  In  a  letter  to  Liebig  in  1845,  ^"^  published  in  the  Annaletiy 
he  called  attention  to  an  allotropic  modification  of  nickelous  oxide, 
occurring  in  the  form  of  small,  almost  microscopic  crystals,  grayish- 
black  in  color,  and  having  the  form  of  regular  octahedrons,  on  certain 
disks  of  refined  copper  from  Riechelsdorf  In  1853  he  discovered 
the  corresponding  compound  of  cobalt,  which  closely  resembled  it. 

In  Liebig  5  Annalen  for  1848,  Dr.  Genth  published  a  paper  giving 
analyses  of  lavas  from  Hecla,  which  had  been  collected  by  Bunsen 
during  his  visit  to  Iceland.  Four  of  these  lavas  were  examined^ 
those  from  Thjorsa,  Hals  and  Efrahvolshraun  and  that  of  the  erup- 
tion of  1845.  ^"  ^^^^  fi^st  of  these  he  found  his  first  new  mineral^ 
which  he  named  Thjorsaite.*  The  author  concludes :  (i)  That 
these  lavas  differ  from  those  of  Vesuvius  and  Etna  in  that  they  are 
insoluble  in  hydrochloric  acid,  containing  no  material  gelatinizing 
with  this  acid  ;  (2)  that  the  essential  constituent  in  them  has  the 
same  composition  as  wichtisite ;  and  (3)  that  any  differences  in 
composition  between  them  are  due  to  the  admixture  of  thjorsaite, 
chrysolite,  orthoclase  (?)  and  magnetite. 

In  ErdmanrC  5  Journal  fur  praktische  Chemie  for  1846  appeared 
an  elaborate  paper  by  Dr.  Genth  on  a  "  Chemical  Exam- 
ination of  the  Products  obtained  in  the  Metallurgy  of  Copper 
Schists."     The   Friedrichs  plant  at   Riechelsdorf  was  especially 

♦  Su^equently  shown  to  be  Anorthite. 
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studied  and  its  products  were  analyzed.  This  paper  covers  forty- 
eight  pages  and  is  substantially  his  inaugural  dissertation  at  Mar- 
burg. The  immediate  occasion  of  this  investigation  was  the  send- 
ing to  Prof.  Bunsen  for  analysis  of  various  samples  of  refined 
copper  from  Sweden  and  Norway,  together  with  two  samples  from 
the  Riechelsdorf  works ;  the  whole  coming  from  the  Kurfiirstliche 
Ober-berg  und  Salzwerke-Direction  of  Cassel.  The  examination  of 
these  coppers  was  turned  over  to  Dr.  Genth,  and  his  paper  is 
divided  into  six  sections.  The  first  describes  the  processes  in  use 
at  Riechelsdorf,  the  second  gives  the  analytical  methods  used,  the 
third  considers  the  products  examined  with  their  physical  proper- 
ties and  chemical  composition,  the  fourth  gives  the  analysis  of  other 
coppers  for  comparison,  the  fifth  the  same  in  tabular  form  and  the 
sixth  states  some  chemico- technological  conclusions.  The  value  of 
this  research  was  recognized  by  a  letter  of  thanks  from  the  Direc- 
tion. It  resulted  in  some  material  changes  in  the  processes 
employed  at  the  Friedrichs  works. 

In  December,  1852,  Dr.  Genth  read  before  the  Academy  of  Nat- 
ural Sciences  a  paper  on  a  supposed  new  element  which  he  had  de- 
tected in  certain  small  white  grains  associated  with  iridosmine  and 
platinum  from  California.  On  treatment  with  hydrochloric  acid, 
two  of  the  metallic  particles  were  observed  to  evolve  hydrogen.  On 
removing  them  from  the  liquid,  they  were  seen  under  a  magnifier  to 
be  mixed  with  gold.  In  color  they  were  between  tin  white  and  steel, 
were  malleable,  but  harder  than  tin  and  were  soluble  in  nitric  acid, 
yielding  a  crystalline  salt.  With  hydrogen  sulphide  the  solution 
gave  a  brown  precipitate.  Before  the  blowpipe  on  charcoal  the 
metal  fused  readily,  but  soon  became  covered  with  a  black  oxide. 
It  gave  no  incrustation.  With  borax  in  the  outer  flame  it  dissolved, 
giving  a  colorless  bead  which  became  opalescent  on  cooling. 
Though  resembling  tin,  the  new  metal  is  distinguished  from  it  by 
its  complete  solubility  in  nitric  acid,  by  the  brown  precipitate 
with  hydrogen  sulphide  and  by  the  absence  of  a  white  incrustation 
before  the  blowpipe. 

The  chemical  investigation,  however,  by  which  Dr.  Genth  is 
most  widely  known  is  undoubtedly  that  made  on  the  ammonia- 
cobalt  bases.  His  original  memoir  on  this  subject  was  published  in 
Philadelphia  in  185 1  \x\  Keller  and  Tiedemann' 5  ^^  Nordamerikan-- 
ischer  Monatsbericht  fur  Natur  und  Heilkunde^^^  under  the  title 
"Vorlaufige  Notiz  iiber   Gepaarte  Kobalt-Verbindungen."     This 
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memoir  "  contained  the  first  distinct  recognition  of  the  existence 
of  perfectly  well-defined  and  crystallized  salts  of  ammonia-cobalt 
bases/*  Indeed,  it  would  appear  that  no  trace  exists  "in  any 
earlier  paper  of  even  an  idea  of  the  existence  of  such  a  class  of 
compounds."  The  results  given  in  this  paper  were  first  obtained 
in  1847  J^  Marburg,  while  the  author  was  chemical  assistant  to 
Prof.  Bunsen  and  during  the  latter's  absence  in  Iceland.  They 
were  freely  communicated  verbally  to  others  and  a  suite  of  the  salts 
obtained  were  deposited  at  the  time  in  the  laboratory  at  Giessen. 
In  this  early  memoir  Dr.  Genth  describes  two  series  of  salts  in 
which  cobalt  oxide,  conjugated  with  ammonia,  acts  as  a  base.  To 
prepare  these  bases,  ammonium  chloride  is  added  to  a  solution 
either  of  cobaltous  chloride  or  sulphate,  and  the  solution  is  satur- 
ated with  ammonia.  After  standing  four  or  five  weeks  in  the  air 
and  the  excess  of  ammonia  has  evaporated,  hydrochloric  acid  is 
added  to  acid  reaction  and  the  solution  is  boiled.  After  some  time 
a  crystalline  heavy  carmine  red  powder  is  deposited,  consisting  of 
small  octahedrons  having  the  empirical  formula,  Co,0,(NH4),Cl. 
Hence  they  must  be  considered  as  the  chloride  of  a  paired  or  con- 
jugated compound,  Co203(NH4)g,  which  plays  the  part  of  a  metal. 
On  further  evaporating  the  mother-liquor  from  which  the  carmine 
red  salt  was  obtained,  an  orange-yellow  cobalt  salt  separated  in 
crystals.  "  Though  the  analyses  were  from  necessity  not  sufficiently 
complete  and  extended  to  fix  the  constitution  of  the  bases  in  ques- 
tion, yet  the  fact  is  indisputable  that  this  memoir  contained  not 
merely  the  first  announcement  of  the  existence  of  ammonia-cobalt 
bases,  but  also  a  scarcely  less  accurate  and  complete  description  of 
two  of  these  bases  than  any  which  has  since  appeared.** 
;;^The  foregoing  memoir  was  called  by  Dr.  Genth  a  preliminary 
notice.  But  inasmuch  as  circumstances  prevented  a  prompt  resump- 
tion and  continuation  of  the  investigation,  the  field  was  entered  by 
others.  In  185 1  Claudet  described  purpureocobalt ;  and  later  in 
the  same  year  Fr^my  communicated  to  the  French  Academy  **  the 
discovery  of  a  class  of  compounds  containing  cobalt  and  ammonia, 
and  produced  by  the  oxidation  of  ammoniacal  solutions  of  cobalt- 
ous salts,'*  claiming  the  discovery  as  his  own.  He  "appears  not 
to  have  been  aware  that  these  two  bases  had  been  described  in  a 
manner  little  less  complete  than  his  own  two  years  before  the 
appearance  of  his  memoir.** 

This  publication  by  Dr.  Genth  interested  chemists  greatly,  and 
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on  July  21,  1852,  Dr.  Wolcott  Gibbs,  then  of  New  York,  who  had 
followed  Dr.  Genth's  directions  and  had  prepared  these  bases  in  his 
laboratory,  wrote  him  as  follows :  "  I  enclose  you  herewith  a  small 
quantity  of  ray  orange-cobalt  compound.  .  .  .  Please  let  me  have 
your  opinion  of  it.  I  think  it  identical  with  yours.  Let  me  urge 
you  to  go  on  with  your  investigation,  as  it  must  lead  to  very  inter- 
esting results  independently  of  the  beauty  of  the  compounds  in 
question."  Dr.  Genth's  response  must  have  been  prompt,  for  in 
a  second  letter,  written  on  the  26th  of  July,  Dr.  Gibbs  says :  *'  In 
reply  to  your  proposition  I  can  only  say  that  I  will  willingly  join 
you  in  your  investigation,  provided  that  on  your  return  to  Philadel- 
phia you  find  that  your  engagements  will  prevent  you  from  accom- 
plishing your  work  alone.  You  ought,  if  possible,  to  have  the  entire 
credit  which  is  justly  due  to  you.  If,  however,  you  cannot  under- 
take the  matter  alone,  then  I  will  add  my  labors  to  }Ours  and  we 
will  publish  in  our  joint  names."  Thus  began  the  association  of 
these  two  eminent  men  in  the  investigation  which  has  since  become 
famous.  In  the  following  November  Dr.  Gibbs  himself  discovered 
a  new  ammonia-cobalt  base,  obtained  by  passing  nitrogen  oxides 
into  solutions  of  the  compounds  described  by  Dr.  Genth.  Its  salts 
have  a  dark  sherry-wine  or  brown-yellow  color,  and  the  new  base 
differs  from  the  others  in  the  fact  that  it  contains  nitrogen  dioxide 
^s  a  coupler  in  addition  to  ammonia. 

In  the  joint  monograph  of  Gibbs  and  Genth,  which  was  published 
by  the  Smithsonian  Institution  in  1856,  and  afterward  printed  in 
the  American  Journal  of  Science y  the  nomenclature  of  Fr^my  is  sub- 
stantially adopted  though  somewhat  modified.  Instead  of  **  Roseo- 
cobaltiaque"  and  **  Luteocobaltiaque,"  as  Frdmy  proposed,  the 
names  *'  Roseocobalt  "  and  **  Luteocobalt  "  are  employed  for  the 
two  bases  originally  discovered  by  Dr.  Genth  ;  that  of  **  Purpureo- 
cobalt  "  being  given  to  the  base  discovered  by  Claudet,  '*  Xantho- 
cobalt"  to  that  discovered  by  Gibbs,  and  **  Fuscocobalt  "  to  the 
one  described  by  Fremy.  The  authors  also  followed  Frdmy's 
example  in  referring  the  colors  of  these  substances  to  the  chromatic 
scale  of  Chevreul.  The  crystallographic  determinations  given  in 
the  memoir  were  made  by  J.  D.  Dana.  After  describing  the 
methods  of  analysis  used,  the  monograph  goes  on  to  state  at  length 
the  mode  of  preparation  and  the  properties  of  the  salts  of  roseo- 
cobalt, purpureocobalt,  luteocobalt  and  xanthocobalt,  together  with 
the  results  of  their  analysis.     It  concludes  with  a  theoretical  discus- 
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sion  of  the  rational  structure  of  these  bases,  considering  them  ''.as 
conjugated  compounds  of  sesquioxide,  sesquichloride,  etc,  of 
cobalt,  the  five  or  six  equivalents  of  ammonia,  or  of  ammonia  and 
deutoxide  of  nitrogen,  forming  the  conjunct,  and  serving  to  give 
to  the  sesqui-compound  of  cobalt  the  degree  of  stability  which  it 
possesses  in  this  class  of  bodies."  This  extended  and  elaborate 
research  has  always  ranked  among  the  highest  chemical  investiga- 
tions ever  made  in  this  country.  Several  years  were  required  to 
complete  it,  the  analytical  portion  of  the  work  being  as  difficult  as 
it  was  protracted. 

In  1858,  in  conjunction  with  Dr.  Gibbs,  Dr.  Genth  published  a 
preliminary  notice  of  a  new  base  containing  osmium  and  the  ele- 
ments of  ammonia;  having  been  led  by  their  previous  work  to  the 
study  of  the  production  of  analogous  compounds  with  other  metals. 
On  studying  the  action  of  the  mixed  nitrogen  oxides  upon  ammo- 
niacal  solutions  of  the  platinum  metals,  they  discovered  a  well 
characterized  base  formed  by  osmium  when  thus  treated,  the  salts 
of  which  crystallize  well.  Though  noticed  by  Fr4my  in  1844,  he 
was  mistaken  in  its  constitution,  calling  it  osmiamide.  The  salts 
of  this  new  base  have  a  beautiful  orange-yellow  color,  are  quite 
insoluble  in  cold  water,  more  soluble  in  hot.  Their  solutions 
decompose  easily,  evolving  osmic  acid. 

Besides  the  admirable  investigations  made  in  pure  chemistry. 
Dr.  Genth  will  ever  be  remembered  for  the  valuable  researches 
which  he  made  in  chemical  mineralogy.  As  early  as  1842,  while 
yet  a  student,  he  published  in  Leonhard  and  BronrCs  Jahrbuch  a 
paper  on  *'  A  Pseudomorph  of  Prehnite  after  Analcime."  And  in 
1848,  there  appears  in  Liedig's  Annalen  a  paper  by  him  containing 
analysis  of  baulite  from  Krabla,  of  phillipsite  from  Stempel,  of 
chabasite  from  Annerode,  of  iron-ochre  from  the  Alta-Birke  mine, 
of  speiss- cobalt  from  Reichelsdorf  and  of*uranite  from  the  Siebenge- 
berge.  In  1851,  he  announced  in  Keller  and  Tiedemann*s  Monais- 
bericht  the  discovery  of  tetradymite  in  North  Carolina,  of  traces  of 
platinum  in  Lancaster  county,  Pa.,  and  of  a  pagnetic  pyrite  in  the 
same  locality  which  contained  2.9  per  cent,  of  nickel  and  which 
has  since  been  made  the  basis  of  an  important  nickel  industry. 
The  same  year  he  described  a  mineral  from  Texas,  Pa.,  which  he 
considered  to  be  a  gymnite,  in  which  a  portion  of  the  magnesia  is 
replaced  by  nickelous  oxide,  isomorphous  with  it.     To  this  mineml 
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he  gave  the  name  nickel  gymnite,  but  Dana  subsequently  called  it 
genthite. 

A  series  of  highly  valuable  papers,  entitled  "  Contributions  to 
Mineralogy,"  were  published  by  Dr.  Genth  from  time  to  time  for 
several  years.  These  papers  were  fifty- four  in  number  and  con- 
tained descriptions  of  215  mineral  species,  in  most  cases  being 
accompanied  by  analyses.  Most  of  these  contributions  appeared  in 
the  American  Journal  of  Science,  although  several  were  published  in 
\}i\t  Proceedings  of  the  American  Philosophical  Society  2xA  in  other 
serials.  In  a  number  of  his  later  papers  he  was  aided  by  S.  L.  Pen- 
field,  who  furnished  the  notes  on  crystallography.  Besides  these 
comprehensive  communications.  Dr.  Genth  was  the  author  of 
twenty-three  minor  contributions  to  chemical  mineralogy,  many  of 
which  contained  descriptions  of  new  species.  He  was  the  discov- 
erer of  twenty-four  new  minerals,  all  of  which  were  so  thoroughly 
individualized,  both  by  chemical  and  by  physical  methods,  that 
they  took  at  once  a  position  in  the  science  which  they  have  ever 
since  maintained. 

Dr.  Genth  was  especially  distinguished  for  his  extensive  knowl- 
edge of  the  chemistry  of  the  rarer  elements ;  and  this  rendered 
his  analyses  of  the  minerals  containing  these  elements  of  great  value 
to  the  science  of  mineralogy.  His  papers  "  On  Some  American 
Vanadium  Minerals,"  *'  On  the  Vanadates  and  lodyrites  from  Lake 
Valley,  N.  M.,"  '*  Examination  of  North  Carolina  Uranium  Min- 
erals," and  especially  the  one  *'  On  Some  Tellurium  and  Vanadium 
Minerals,"  are  noteworthy.  In  No.  VII  of  his  **  Contributions  to 
Mineralogy,"  published  in  1868,  he  gives  a  list  of  seven  American 
tellurium  minerals,  of  which  two  are  new  species ;  and  in  a  paper 
published  in  1874  ''  On  American  Tellurium  and  Bismuth  Min- 
erals," he  describes  native  tellurium,  tetradymite,  altaite,  hessite, 
petzite,  sylvanite,  calaverite,  tellurate  of  copper  and  lead,  bis- 
muthinite  and  schirmerite,  the  latter  a  new  mineral.  Indeed,  he 
regarded  his  work  on  tellurium  minerals  as  among  his  best  efforts. 
Nearly  one-half  of  the  new  species  made  by  him  were  compounds 
of  the  rarer  elements. 

Perhaps  the  most  important,  as  it  certainly  was  the  most  ex- 
tended, of  Dr.  Genth's  mineralogical  investigations  was  that  upon 
*'  Corundum :  Its  Alterations  and  Associated  Minerals,"  the  results 
of  which  were  communicated  to  the  American  Philosophical  So- 
ciety in  1873.     'T^^  paper  occupies  forty-six  pages  of  the  Proceed- 


XVin  OBITUARY    NOTICES. 

ings.  In  the  spring  of  1871,  he  had  exhibited  to  the  Society 
several  peculiar  crystals  of  corundum,  altered  either  wholly  or 
partly  into  other  mineral  species.  "Further  chemical  investiga- 
tion of  these  crystals,  and  of  others  similar  to  them,  gave  results 
leading  to  conclusions  which  seemed  to  possess  interest  not  only 
for  the  chemist  and  mineralogist,  but  in  connection  with  their 
paragenesis,  to  the  geologist  also."  The  largest  deposits  of  corun- 
dum in  the  world  are  in  a  chromiferous  serpentine  or  chrysolite 
formation  and  in  the  rocks  adjoining  thereto.  Localities  of  this 
mineral  have  been  developed  all  the  way  from  Massachusetts  to 
Alabama,  and  it  will  always  be  an  interesting  question  by  what 
agencies  such  enormous  quantities  of  alumina  could  have  been 
precipitated  to  form  it.  Especially  so,  since  by  its  subsequent 
alteration  it  has  given  rise  to  many  of  the  most  widely  distributed 
minerals  and  rocks.  The  most  important  deposit  of  corundum  in 
the  East  is  that  at  Chester,  Mass.,  discovered  by  C.  T.  Jackson,  and 
described  mineralogically  by  C.  U.  Shepard  and  J.  L.  Smith.  It 
consists  of  crystalline  corundum  contained  in  a  fine  scaly  chlorite, 
and  of  a  peculiar  mixture  of  granular  and  crystallized  corundum 
and  magnetite.  By  far  the  largest  deposits  of  corundum,  Jiowever, 
occur  in  North  Carolina,  the  corundum  belt  stretching  south- 
westerly from  Madison  county,  N.  C,  through  Georgia  into  Talla- 
poosa county,  Ala.,  a  distance  of  at  least  two  hundred  and  fifty 
miles.  The  first  large  mass  of  corundum  was  found  in  1847  o" 
the  French  Broad  river,  near  Marshall.  It  was  dark-blue  in  color 
and  was  associated  with  chlorite  and  margarite.  The  outcrop  of 
the  Culsagee  mine,  near  Franklin,  extends  over  thirty  acres;  that 
of  the  Cullakenee  mine,  about  twenty  miles  southwest  of  this,  ex- 
tends over  an  area  of  three  hundred  acres.  The  corundum  here 
is  generally  of  a  grayish-white  or  pale  ash-gray  color,  with  specks 
of  sapphire  occasionally.  Sometimes,  however,  it  is  of  a  beautiful 
pink  color,  associated  with  andesite,  zoisite,  margarite,  hornblende, 
and  rarely  with  chlorite,  spinel  and  tourmaline.  Near  Gainesville, 
Ga.,  corundum  exists  as  a  nucleus  in  irregular  kidney-shaped 
masses  of  margarite  or  with  a  peculiar  earthy  mineral  between 
isabel  and  flesh-red  in  color,  intersected  at  intervals  by  veins  of  a 
fine  scaly  or  massive  margarite. 

After  this  general  survey  of  the  geological  conditions  attending 
the  occurrence  of  corundum.  Dr.  Genth  proceeds  to  discuss  the 
minerals  which  are   associated   with   it.     Corundum  altered   into 
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spinel  occurs  in  many  localities,  the  most  interesting  coming  from 
Hindostan.  The  corundum  crystals  are  from  half  an  inch  to  two 
inches  across.  Many  of  them  are  completely  altered,  and  most  of 
them  show  that  the  alteration  began  at  the  surface  and  penetrated 
irregularly  the  crystals  toward  the  centre,  leaving  frequently  a 
nucleus  of  brownish-gray  cleavable  corundum.  Beauxite,  an 
aluminum  hydrate  mixed  with  ferric  hydrate  and  a  hydrous 
aluminum  silicate,  and  enclosing  grains  of  corundum,  occurs 
abundantly  in  the  south  of  France.  T.  S.  Hunt  regarded  the 
corundum  as  having  been  produced  from  the  beauxite  by  loss  of  its 
water ;  but  Dr.  Genth  held  the  opposite  view  and  maintained  that 
the  beauxite  has  resulted  from  the  hydration  of  the  corundum. 
Zoisite  had  been  observed  in  the  Urals  by  Gustav  Rose  as  an  asso- 
ciate of  corundum.  The  best  locality  for  it  in  this  country,  how- 
ever, is  at  the  CuUakenee  mine,  where  it  occurs  sometimes  in 
crystals,  but  generally  in  compact  and  columnar  easily  cleavable 
masses,  from  grayish  to  greenish  and  brownish-white  in  color, 
many  of  the  specimens  showing  distinctly  that  it  is  the  result  of 
the  alteration  of  corundum,  the  pink  corundum  being  often  sur- 
rounded by  a  thin  coating  of  a  white  zoisite.  Tourmaline  is  asso- 
ciated with  corundum  at  most  of  the  localities  above  given.  At 
Unionville,  Pa.,  black  tourmaline  occurs  in  irregular  masses  of 
different  sizes,  in  the  corundum  itself  as  well  as  in  the  masses 
resulting  from  its  alteration.  Dr.  Isaac  Lea  mentions  the  occur- 
rence of  a  crystal  of  transparent  green  tourmaline  passing  through 
the  middle  of  a  prism  of  diaspore,  the  whole  enveloped  by  lamel- 
lar crystals  of  pearly  emeryllite.  At  the  Culsagee  mine  there  are 
masses  of  black  tourmaline  containing  crystals  of  white  and  yellow- 
ish-white corundum  disseminated  through  them,  the  particles  of 
tourmaline  crystals  being  intermixed  with  the  corundum  crystals 
and  vice  versa,  Fibrolite  has  been  long  known  to  accompany 
conmdum  both  in  Europe  and  Asia.  The  variety  used  by  the 
Celts  in  the  stone  age  was  obtained  in  the  neighborhood  of  Chavag- 
nac  and  Ourouze,  in  France,  where  it  is  associated  with  mica, 
cyanite  and  red  and  bli;e  corundum.  At  Norwich,  Conn.,  the 
small  crystals  of  sapphire  are  completely  surrounded  by  fibrolite. 
Cyanite  is  a  very  common  associate  of  corundum,  rolled  masses 
of  it  occurring  in  Litchfield  and  Washington,  Conn.,  containing 
corundum  and  diaspore.  An  interesting  specimen  from  Newton, 
Conn.,  received  from  G.  J.  Brush,  consists  of  irregularly  arranged 
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bladed  masses  of  a  gray,  bluish-white  and  blue  cyanite  ;  a  yellowish- 
white  micaceous  mineral  occurring  where  the  blades  meet,  em- 
bedded in  which  is  diaspore  containing  in  immediate  contact  with 
the  cyanite  a  rounded  fragment  of  a  slightly  pink  corundum. 

The  list  of  these  associated  minerals  includes  staurolite,  pyro- 
phylite,  damourite,  ephesite,  jefferisite,  chlorite,  margarite  and  laxu- 
lite,  among  others ;  and  in  the  paper  are  described  four  new  min- 
erals :  kerrite,  maconite,  willcoxite  and  dudleyite. 

The  conclusions  reached  by  Dr.  Genth  as  the  result  of  this  elabo- 
rate investigation  are  as  follows:  (i)  At  the  period  when  the 
chroraiferous  and  chrysolite  beds  were  deposited  a  large  quantity 
of  alumina  was  separated  and  formed  beds  of  corundum;  (2)  this 
corundum  has  subsequently  been  acted  on,  and  in  this  way  changed 
into  various  mineral  species — spinel,  fibrolite,  cyanite,  tourmaline, 
damourite,  chlorite  and  margarite,  and,  perhaps,  also  into  some 
varieties  of  feldspar ;  (3)  a  part  of  the  products  of  the  alteration 
of  corundum  still  exist  in  the  form  of  large  beds  of  mica  and 
chlorite  slates  or  schists  ;  (4)  another  part  has  been  still  farther 
altered  and  converted  into  other  minerals  and  rocks,  such  as  pyro- 
phyllite,  paragonite,  beauxite,  lazulite,  etc. 

Dr.  Genth  gave  some  attention  also  to  the  chemistry  of  meteor- 
ites. In  1854,  he  described  a  meteorite  from  New  Mexico,  given 
to  him  by  Prof.  Henry,  and  labeled  "  native  iron."  It  afforded 
on  analysis:  iron,  96.17;  nickel,  3.07  ;  cobalt,  0.42,  and  insoluble 
matter,  05 7,  this  latter  consisting  of  iron,  nickel  and  titanium. 
The  following  year  he  published  the  analysis  of  a  fragment  of  one 
of  the  meteoric  irons  of  Tucson,  Mexico,  presented  to  the  Acad- 
emy of  Natural  Sciences  by  Dr.  Herrmann.  This  analysis  showed 
the  meteorite  to  consist  of  iron,  copper,  cobalt,  nickel,  chromium, 
alumina,  magnesia,  lime,  soda,  potash,  phosphorus  and  silica, 
together  with  a  feldspathic  mineral,  supposed  to  be  labradorite.  It 
agrees  substantially  with  analysis  by  J.  L.  Smith  of  a  fragment  cut 
from  one  of  the  huge  masses  in  that  region  by  Lieut.  John  G. 
Parke,  U.  S.  Engineers.  A  third  meteoric  iron  was  described  by 
Dr.  Genth,  in  1886,  from  East  Tennessee. 

In  1874,  Prof.  Lesley,  Director  of  the  Second  Geological  Survey 
of  Pennsylvania,  appointed  Dr.  Genth  Chemist  and  Mineralogist 
of  the  Survey.  His  acquaintance  with  the  subject  committed  to 
him  is  well  shown  by  the  fact  that  before  the  close  of  that  year  he 
presented  a  "  Preliminary  Report  on  the  Mineralogy  of  Pennsylva- 
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nia,"  which,  together  with  an  "Appendix  on  Hydrocarbon  Com- 
pounds," by  S.  P.  Sadtler,  covered  two  hundred  and  sixty  printed 
pages.  The  following  year  he  prepared  a  second  **  Preliminary  Re- 
port," covering  thirty-one  pages.  Dr.  Genth  was  also  Chemist  to 
the  Board  of  Agriculture  of  Pennsylvania,  and  did  much  by  his 
chemical  investigations,  and  especially  by  his  analysis  of  fertilizers 
and  other  materials,  to  develop  the  agricultural  industry  of  the  State 
and  to  maintain  a  high  standard  of  excellence  in  all  farm  products. 

As  a  man  of  science  Dr.  Genth  stood  among  the  first  in  this 
country.  As  a  chemist,  especially  in  analytical  work,  he  was  well-nigh 
Without  a  peer,  being  completely  familiar  not  only  with  the  reactions 
and  analytical  methods  of  separation  and  determination  of  the 
ordinary  elemental  and  compound  ions,  but,  what  is  more  remark- 
able, of  the  rarer  and  less  frequently  occurring  ones  as  well.  But 
this  is  not  all.  His  scientific  work  was  characterized  by  a  con- 
scientiousness and  fidelity  to  fact  which  was  exceptional.  No 
labor  seemed  to  him  too  great,  if  by  it  an  added  accuracy  could 
be  secured.  His  knowledge  of  minerals  was  complete.  Not  only 
did  his  acute  vision  aid  his  early  training  in  recognizing  their 
nature  at  a  glance,  but  his  skill  in  observing  their  physical  and 
chemical  properties  gave  him  remarkable  power  in  detecting  new 
species.  Moreover,  his  devotion  to  scientific  accuracy  was  so  great 
that  most,  if  not  all,  of  the  differences  he  had  with  others  involved 
questions  of  fact  rather  than  of  opinion.  Again,  his  mind  had 
acquired,  by  long  practice,  great  facility  in  grasping  the  relations 
of  structural  grouping,  both  in  salts  and  in  minerals,  and  the 
rational  formula  of  an  ammonia-cobalt  base  or  of  a  complex  min- 
eral species  was  at  once  clearly  recognized  from  the  empirical 
results  of  his  analysis. 

As  a  teacher,  Dr,  Genth  was  most  successful.  Apart  from  his 
complete  command  of  the  subject,  he  took  a  great  interest  in  his 
good  students  and  devoted  himself  assiduously  to  their  advance- 
ment. But  for  those  who  were  studiously  indifferent  and  careless, 
to  his  credit  be  it  said,  he  had  but  little  regard.  He  was  merciless 
upon  fraudulent  work,  particularly  in  analysis.  The  reputation 
which  he  gave  to  his  department  in  the  University  was  deservedly 
high.  The  large  amount  of  research  work  which  he  did  was  never 
allowed  to  interfere  with  his  instruction,  and  those  who  were  his 
students   remained  ever  afterward  among   his   best  friends.     His 
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retirement  was  a  great  loss  to  the   University,  the  more  so  since 
there  is  reason  to  believe  that  possibly  it  might  have  been  avoided. 

Prof.  Dr.  Genth  was  everywhere  recognized  by  his  scientific 
associates  as  a  man  of  rare  talent.  He  was  elected  a  member  of 
the  American  Philosophical  Society  in  January,  1854;  he  was  one 
of  the  corporate  members  of  the  American  Chemical  Society ;  was 
elected  a  vice-president  of  this  Society  in  1876  and  president  in 
1880  ;  in  1872  he  was  elected  a  member  of  the  National  Academy 
of  Sciences,  and  in  1875  ^  Fellow  of  the  American  Academy  of 
Arts  and  Sciences  in  Boston.  The  American  Association  for  the 
Advancement  of  Science  paid  him,  in  1888,  the  high  compliment 
of  election  as  one  of  the  three  Honorary  Fellows  of  the  Associa- 
tion. 

Dr.  Gen th's' personality  was  most  agreeable.  He  was  cordial  to 
his  friends  and  associates,  valued  highly  their  society  and  was  ever 
ready  to  give  them  any  assistance  he  could  render  out  of  the  store- 
house of  his  knowledge.  He  was  twice  married,  first  in  Europe,  in 
1847,  ^o  Karolina  Jaeger,  the  daughter  of  the  Librarian  of  the 
University  of  Marburg,  by  whom  he  had  three  children — two  sons 
and  a  daughter — all  of  whom  are  yet  living.  In  1852,  he  married 
Minna  Paulina  Fischer,  whom  he  met  in  Cumberland,  Md.j  four 
daughters  and  five  sons  being  the  issue  of  this  second  marriage. 
Of  these  four  daughters  and  one  son  are  still  living. 

Dr.  Genth  was  rather  corpulent  in  his  habit,  and  in  his  later 
years  went  about  with  some  difficulty,  being  troubled  considerably 
with  asthma.  He  died  at  his  home  in  Philadelphia  on  the  ad 
of  February,  1893,  from  an  attack  of  pneumonia,  being  in  his 
seventy- third  year. 

December  6,  ipoi.  George  F.  Barker. 
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2467.  Balch,  Thomas  Willing  ....  May  17, 1901, 

2345.  Baldwin,  James  Mark,  Prof. .  .  Oct.  15,  1897, 

2191.  Ball,  Sir  Robert  Stawell  .  .  May  15,  1891, 

1965.  deBar,  Hon.  Edouard  Skve  .  .  July  21,  1882, 

1741.  Barker,  George  F.,  Prof. .  .  .  .  April  18,  1873, 

aoil.  Barker,  Wharton April  18,  1884, 

1902.  Bartholow,  Roberts,  M.D.    .  .  April  16,  1880, 

2119.  Bastian,  Adolph,  Prof. Dec.  17,  1886, 

2421.  Bauuh.  Daniel Dec.  15,  1899, 

1968.  Bell,  ALEXANDER  Graham,  Prof.  July  21,1882, 

1802.  Bell,  Sir  I^owthian,  Bart.  .  .  .  April  21,  1876, 

2255.  Bement,  Clarence  S May  17,  1895. 

2326.  deBenneville,  James  8  .  .  .  .  Oct.  15, 1897, 

2261.  Bekthelot,  Marcelin  p.  E.  .  .  May  17,  1895, 


2253.  Bertin,  Georges May     17,  1895, 

1920.  Riddle,  Cadwalader Oct.      15,  1880, 

1831.  BiDDLE,  Hon.  Craig Feb'y     2,  1877, 

2134.  BiLUNOS,  Johns.,  M.D Feb'y  18,  1887, 

2256.  BisPHAM,  George  Tucker  .  .  .  May     17,  1895, 

2157.  Blair,  Andrew  a May     17,  1889, 

1554.  Blair,  Thomas  S Jan'y   19,  1866, 

1669.  Blake,  Wm.  Phipps,  Prof.    .  .  Oct.      21,  1870, 

1444.  VON  Bohtungk,  M.  Otto,  .  .  .  Jan'y    17,  1862, 

22:te.  Bonaparte,  Prince  Roland  .  .  Feb'y  15,  1895, 

1126.  BoYfe,  Martin  II.,  Prof.    ....  Jan'y    17,  1840. 

1826.  Brackett,  Cyrus  Fogg.  Prof.  .  .  Feb'y    2,  1877, 

2083.  Br anner,  John  C,  Prof.    .  .      .  May     21,1886, 

2095.  Brezina.  Aristides May  *  21,  1886, 


2069.  Brinton,  John  H,  M.D 

2433.  Brock,  Robert  C.  H 

2445.  Broegger.  W.  C,  Prof. 

2080.  Brooks,  Wiluam  Keith,  Prof.  . 

2466.  Brown,  Amos  P.,  Prof. 

1881.  Brown,  Arthur  Erwin  .  .  .  . 
2394.  Brown,  Ernest  William,  Prof . 
2275.  Brubakkr,  Albert  P.,  M.D.  .  . 
1547.  Brush,  George  J.,  Prof.  .  .  .  . 
2376.  Bryant,  Henry  Grier 


Feb'y  19,  1886, 

Dec.  15.  1899, 

Dec.  15.  1899, 

May  21,  1886, 

May  17,  1901, 

April  18,  1879, 

Dec.  16,  1898, 

Oct.  18,  1895, 

Jan'y  20,  1865, 

May  20,  1898, 


2i87.  Bryce,  Right  Hon.  James  .  .  .     Feb'y    15. 1895. 


PreterU  Addreu. 

4400  Sanaom  St.,  PhUadelphia. 

233  S.  13Ui  St,  PhUadelpliia. 

518  Washington  St., Reading.Pa. 

Cornell  Univer8ity,Ithaca,N.Y. 

810  Walnut  St.,  Philadelphia. 

219  Palisade  Ave.  Yonken,N.Y. 

1412  Spruce  St.,  Philadelphia. 

1412  Spruce  St.,  Philadelphia. 

Princeton,  N.  J. 

Observatory,  Cambridge,  Eng. 

Ramsgate,  England. 

3909  Locust  St.,  Philadelphia. 

119  S.  4th  St.  PhUadelphia. 

1525  Locust  St,  Philadelphia. 

Koniggr&tzerstrasse  120,  Ber- 
lin, Germany. 

1601  Locust  St,  Philadelphia. 

1331  Connecticut  Ave.,  Wash- 
ington, D.  C. 

Northallerton,  England. 

3907  Spruce  St.  Philadelphia. 

University  Club,  Philadelphia, 

Palais  de  I'lnstitut  de  France, 
Rue  Mazarin,  No.  3,  Vie., 
Paris,  France. 

11  bu  Rue  Ballu,  Paris. 

1420  Walnut  St,  Philadelphia. 

2033  Pine  Street,  Philadelphia, 

40  Lafayette  Place,  New  York. 

1805  DeLancey  Place,  Phila. 

406  Locust  Street,  Philadelphia. 

718  Bid  well  St.,  Pittsburg.  Pa. 

Tucson,  Arizona. 

Seebui^trasse  35,  II,  Leipzig, 
Germany. 

10  Ave.d'  Jena  22,  PariB.France. 

Coopersburg,  Lehigh  Ca,  Pa. 

Princeton,  N.  J. 

Stanford  University,  Cal. 

VII  Siebenstemgaase,  46.  Vi- 
enna, Austria. 

14-23  Spruce  St.,  Philadelphia. 

1612  Walnut  St.,  PhUadelphia. 

Christiania,  Norway. 

Johns  Hopkins  Univ.,  Balti- 
more, Maryland. 

20  E.  Penn  St,  Qermantown. 

1208  Locust  St.,  Philadelphia. 

Haverford  College,  Pa. 

105  N.  34th  St,  PhUadelphia. 

Yale  Univ.,  New  Haven,  Conn. 

Room  8a3  Land  Title  Building. 
PhUadelphia. 

54  Portland  Place,  London.  W., 
England. 


Name.  Daie<if  Election.  Present  Addrets. 

2236.  Bi7t)0B,  E.  A.  Wallis.  LUt.D  .  .  Feb'y    15,  1895,  British  Museum,  London,  Eng. 

2007.  BUBK,  Rev.  Jess  Y Jan'y    18,  1884,  400  Chestnut  St,  Philadelphia. 

1938.  BuTLiB,  Hon.  William  ......  April    15,  1881,  West  Chester,  Pa. 

O 

2416.  Cadwaladkr,  John May  19,  1899,    1519  Locust  St.,  Philadelphia. 

1788.  Campbell,  John  Ltle,  Ph.D., 

Prof. July  16,  1875,    Crawfordsville,  Ind. 

1006.  CANBT,  WtLUAM  MARRIOTT  .  .  .  Oct.  16,  1868,    1101  Delaware  Avenue,   Wil- 

mington,  Del. 

2051.  Cannizzaro,  Tomso Oct.  16,  1885,    Santa  Maria  fuori  cinta,  Casa 

Roffb,  Messina,  Sicily. 

1731.  Capbluni,  Giovanni,  Prof.  .  .  April  18,  1873,    Portovenere  prfes  Spezia,  Italy. 

1796.  Carll,  John  P.,  Prof. Oct.  15,1875,    PIeaBantvllle,VenangoCo.,Pa. 

1911.  Carson,  Hampton  L.,  LL.D.   .  .  April  16,  1880,    1033  Spruce  St.,  Phlla. 

2260.  Carter.  Hon.  Jambs  C May  17,  1895,    54  Wall  Street,  New  York  City. 

1707.  Cassatt,  Alexander  J  .,.  .  .  .  Oct.  18.1872,    Haverford,  Del.  Co.,  Pa. 

2147.  Castner,  Samitel.  JR Dec.  16.1887,    3729  Chestnut  St.,  Philadelphia. 

2152.  Cattell,  J.  McKbbn,  Prof. .  .  .  May  18,  1888,    Qarrison-on-Hudson,  N.  Y. 

1908.  Chance.  Henrt  Martyn.  M.D  .  April  16,  1880,    412S  Parkside  Ave.,  Phlla. 

1783.  Chandler.  C.  P.,  Prof.    ....  April  16.  1875,    ColumbU  Univ.,  N.  Y.  City. 

1778.  Chapman.  Henry  C,  M.D.  .  .  .  April  16,  1875,    2047  Walnut  St,  Philadelphia. 

2132.  deCharencey.Comtb  Hyacinth  Dec  17,  1886,    25  Rue  Barbet  de  Jony.  Paris. 

France. 

2158.  Clark,  Clarence  H May  17,  1889,   42d  and  Locust  Sts.,  Phlla. 

1983.  Claypole,E.W.,  Prof. Jan'y  19,1883,    Pasadena,  Cal. 

2247.  Cleemann,  Richard  A.,  M.D  .  .  Feb'y  16,  1895,    2135  Spruce  St,  Philadelphia. 

2336.  Cleveland,  Hon.  Grover  .  .  .  Oct  15,  1897,    Westland,  Princeton,  N.  J. 

1999.  Cohen,  J.  Sous,  M.D Jan'y  18,  1884,    1821  Chestnut  St,  PhUadelphia. 

2429.  COLBS,  Edward Dec.  15,  1899.    1734  Chestnut  St.  Philadelphia. 

2306.  CoNKLiN.  Edwin  Grant,  Prof.  .  Feb'y  19,  1897,    University  of  Penna.,  Phila. 

2386.  Converse,  John  H May  20,  1898,    500  N.  Broad  St,  Philadelphia. 

2257.  Cook,  Joel May  17,  1895,    819  N.  Broad  St,  PhUadelphia. 

2129.  Cora,  Guido.  Prof. Dec.  17,  1886,    2  Via  Goito,  Rome,  Italy. 

2206.  Cramp,  Charles  H Dec.  16,  1892,    507  S.  Broad  St.,  Philadelphia. 

1836.  Crane,  Thomas  Frederick,  Prof.*  Feb'y  2,  1877,    Cornell  Univ.,  Ithaca,  N.  Y. 

2100.  Crooks,  Sir  Wiluam  ."....  May  21,  1886,    7   Kensington   Park  Gardens, 

London,  W.,  England. 

2391.  Crowbll,  Edward  P.,  Prof .  .  .  Dec.  16,  189S,    21  Amity  St.  Amherst.  Mass. 

2172.  Cruz,  Hon.  Fernando Dec.  20,  1889,    57  Ave  Kk^ber  Paris,  France. 

2317.  CuLiN.  Stewart May  21.  1897,  University  of  Penna..  Phila- 
delphia. 

ID 

2361.  Dall,  William  H..  Prof.  ....  Dec.  17.  1897,  U.  S.  National  Museum,  Wash- 
ington, D.  C. 

2402.  Dana,  Charles  E May  19,  1899,  2013  DeLancey  Place,  Philadel- 
phia. 

2282.  Dana,  Edward  8.,  Prof.   ....     May     15,  189C,    Yale  Univ..  New  Haven,  Conn. 

1806.  Dannefeld,  C.  Juhlin April    21,  1876,    Stockholm.  Sweden. 

2369.  Darwin,  George  Howard.  Prof.    Feb'y    18,  1898,    Newham  Grange,  Cambridge, 

England. 

1811.  Davenport,  Sir  Samuel   ....     Oct      20,1876,    Beaumont,  Adelaide.  S.  .\us- 

tralifl. 


liame. 
1557.  Davidson,  Georok,  Prof. 


2117.  Davis,  William  Morris,  Prof.   . 
1023.  Dawkins,  Wiluam  Boyd,  Prof. 

2418.  Day,  Frank  Miles 


Date  qf  Election. 
Jan'y    19,  1866, 

Oct.      20,  1899, 
Oct.      16,  1880, 

Oct.      20.  1899. 


2406.  Day,  William  C,  Prol May  19,  1899, 

23(i0.  De  Garmo.  Charles.  Prof.  .  .  .  Dec.  17,  1897, 

2208.  Dercum,  Francis  X.,  M.D.  .  .  .  Dec.  16.  1892, 

2431.  Dewar.  James,  LL.D.,  Prof.  .  .  .  Dec.  15,  1899, 

2013.  Dickson,  Samuel April  18,  1884, 

2206.  Dixon.  Samuel  G.,  M.D Dec.  16.  1892, 

2108.  DoLLEY,  Charles  8.,  M.D.  .  .  .  Dec.  17,  1886, 

20H9.  DoNNER,  Otto,  Prof. May  21.  1886, 

1946.  DoouTTLE,  C.  L.,  Prof Oct.  21,  1881, 

24if>.  Dougherty,  Thomas  Harvey  .  Dec.  15,  1899, 

1839.  Douglas,  James.  LL  D April  20,  1877, 

1924.  Draper,  Daniel,  Ph.D Oct.  16,  1880, 

2303.  Dreer,  Ferdinand  J Feb'y  19,  1897, 

17M7.  Drown,  Thomas  M.,  Pres't .  .  .  July  16,  1875, 

1918.  Du  Bom,  Patterson Oct.  15,  1880, 

1S78.  Dudley,  Charles  Benj.,  Ph.D. .  Jan'y  17,  1879, 

2063.  Duncan,  Louis,  Ph.D Feb'y  19,  1886, 

1573.  Dunning,  George  F Jan'y  18,  1867, 

1727.  DUPONT,  Edouard April  18,  1873, 


2227.  DuPoNT,  Henry  A.,  CoL  .... 
1679.  Dutton,Clarence  E.,  Maj.  U.S.A. 


2105. 
1917. 
1825. 

2294. 
2262. 
1686. 
2272. 

2313. 
235*i. 
2:^6'^. 
1981. 
1913. 


Easton,  Morton  W.,  Prof. 
Eckfeldt,  Jacob  B  .  .  .  . 
Eddy,  H.  Turner,  Prof .  . 


Edison,  Thomas  A.,  Ph:D  .  .  .  . 
Edmunds,  Hon.  Gkorok  F.  .  .  . 
Euot,  Charles  W.,  Pres't .  .  .  . 
Elliott,  A.  Marshall,  Prof.  .  . 

Ely,  Theodore  N 

EMKR80N,  Benj.  Kendall,  Prof. 

Emmet.  W.  L.  R 

Emmons.  S.  F.,  Prof. 

Evans.  Sir  John,  K.C.B 


Feb'y  16,1894. 

Jan'y  20.1871, 

Dec  17,  1886. 

Oct.  15,  1880, 

Feb'y  2,  1877, 

May  15,  1896, 

May  17.  1895, 

April  21.  1871, 

May  17,  1895, 

May  21,  1897, 

Dec.  17,  1897, 

Feb'y  is,  1898, 

Jan'y  19,  1883, 

Oct.  21,  1881, 


^i^J.  EWKLL,  Marshall  D.,M.D., LL.D.    May      17,1895, 


PruaU  AddrtM. 

2221  Washington  St.,  San  Fran- 
cisco, CaL 

Cambridge,  Maasi. 

Woodhunt,  Falloivfield,  Man- 
chester, England. 

801  Penn  Mutual  Building. 
Philadelphia. 

Swarthmore,  Fa. 

Cornell  Univ..  Itiiaca,  N.  Y. 

1719  Walnut  St.,  Philadelphia. 

The  Royal  Institution,  Lou- 
don. England. 

901  ainton  St..  Philadelphia. 

1900  Race  St.,  Philadelphia. 

8707  Woodland  Ave.,  Phlla. 

Helsingfors,  Finland. 

Upper  Darby.  Delairare  Co..Pa. 

School  House  Lane.  German- 

•  town,  Philadelphia. 

Spuytenduyvil,  NewYork,  N.Y. 

Meteorological  Observatory, 
Central  Park.  New  Y'ork. 

1520  Spruce  St..  Philadelphia. 

Lehigh  Univ.. 8.  Bethlehem,  Pa. 

401  S.  40th  St.  Philadelphia. 

Drawer  834,  Altoona,  Blair  Co., 
Pa. 

71  Broadway,  New  York. 

Farmington,  Conn. 

Royal  Museum,  Bruxelles,  Bel- 
glum. 

Winterthur,  Del. 

Morgan  Park.  Cook  Co.,  IlL 


224  S.  4M  St..  Philadelphia. 
U.  S.  Mint,  Philadelphia. 
University  of  Minnesota,  Min- 
neapolis, Minn. 

Orange,  N.  J. 

1724  Spruce  St,  Philadelphia. 

17  Quiucy  St.  ,Cambridge,Ma88. 

Johns  Hopkins  University, 
Baltimore,  Md. 

115  Broad  St  Station,  Phila. 

Amherst,  Mass. 

Schenectady.  N.  Y. 

1721  n  St,  Washington,  D.  C. 

NtLsh  Mills.  Hemel  Hempstead, 
England. 

59  Clark  St..  Chicago,  Ul. 


2'r.l.  Fennell,  C.  A.  M.,  Litt.D.  .  .  .     Feb'y    15,1895,    139    Chesterton    Road.    Cam- 
bridge. England. 
2180.  Field,  Robeut  Patterson  .  .  .     May      16,  1890,    218  S.  42d  St,  Philadelphia. 


Vil 


Name,  Date  qf  Eteaion. 

28«4.  FiifB,  Henry  B.,  Prof Deo.     17,  1897, 

2353.  FUHER,  SroNBY  Gbobgb  ....  Dec.     17,  1897, 

2162.  Flkxmkb,  Simon,  Dr Feb'y  15,  1901. 

190L  Flint.  AuarnN.  Jr.,  M.D April    16,  1880, 

2197.  Forbes,  Oeorob,  Prof OcL      16,  1891, 

2393.  Ford,  Paul  Lficestbr. Dec.     16,  1808, 

1912.  Fralby,  Joseph  C. April    16,  1880, 

1695.  Frazer,  Persipor,  Dr.  da-Sc.  Nat.  Jan'y    19,  1872, 

2301.  Frazier,  Benj.  W.,  Prof. ....  Dec.     18,  1896, 

2171.  Friebu,  Gbobgb,  M.D Dec.     20,  1889, 

2179.  FuiXBRTON,  Georges.,  Rev.  .  .  May     16,  1890, 

1739.  Fulton,  John April   18,  1878, 

1914.  FURNBSS,  Horace  Howard,  LL.D.  April    16,  1880, 

2306.  FuRNESB,  Horace  Howard,  Jr..  F^b'y  19,1897, 

2304.  FURNE8s,WiLUAMH.,3d,M.D.  .  Feb'y   19,  1897, 


PreaerU  Addreu 
Princeton,  M.  J. 
828  Chestnut  St.,  Phlladelptila. 
University   of    PennsyWania^ 

Philadelphia. 
14  W.  83d  St.,  New  York,  N.Y. 
84  GreatGeoige  St.,S.  W.London. 
247  Fifth  Ave.,  New  York  City. 
183  <  Pine  St.,  Philadelphia. 
928  Spruce  St.,  Philadelphia. 
Lehigh  Univ.,  Bethlehem,  Pa. 
1906  Chestnut  St.,  Philadelphia. 
89,  The  Gladstone,   Philadel- 
phia. 
136  Park  PL,  Johnstown,  Pa. 
Wallln^ord,  Del.  Co.,  Pa. . 
2U34  DeLancey  Place.  Phila. 
Walllngford,  Del.  Co.,  Pa. 


a- 

2159.  Garnett,  Richard  C.  B.,  LL.D..  Feb'y  15,  1901, 

198R.  Garrett,  Philip  C April    20,  1883, 

2079.  Gates.  Merrill  E.,  LLD     ...  May     21,  1886, 

1025.  Gatschet,  Albert  S.,  Ph.D  .  .  .  Oct.      17,  1881, 

1897.  Geikie,  Sir  ARCHIBALD Jan'y    16,  1880, 

1803.  Geikie,  James,  Prof April   21,  1876, 

2067.  Genth,  F.  a.,  Jr Feb»y   19,  1886, 

2274.  GIBBS,  J.  WiLLARD,  Prof.  ....  May      17,  1895, 

1355.  GiBBS,  OUVER  Woloott,  Prof.  .  July      21,  1851, 

2485.  GiOLiOLi,  Henry  H.,  Prof.    .  .  .  Feb'y  15,  1901, 

1587.  Gill,  Theodore  N.,  Ph.D  .  .  .  .  July     19,  1867, 


1800.  GiLMAN,  Daniel  C,  LL.D  .  . 
2240.  Glaisher,  James  W.  L.,  Sc.D. 


April    21,  1876, 
Feb'y   19,  1895, 


2233.  Glazebkook,  Richard  T.,F.R.S.    Feb'y  15,1895, 


2212.  Goodale,  George  Lincoln,  Prof.     Feb. 
2292.  Goodspeed,   Arthur  W.,   Prof.    May 


17, 1893, 
15,  1896, 


2203.  Goodwin,  Harold May  20, 1892, 

2232.  Goodwin,  W.  W.,  Prof. Feb'y  15,  1R9.% 

2453.  Gray,  George,  Hon May  18,  1900, 

2222.  Green,  Samuel  A.,  M.D Oct  20,  1893, 

1880.  Greene,  Wiluam  H.,  M.D. .  .  .  April  18,  1879, 

2412.  Greinman,  Milton  J.,  M.D.  .  .  May  19,  1S99, 

2155.  di  Gregorio,  Marchbse  Antonio  Dec.  21,  1888, 

2188.  Gregory,  Caspar  Rtst,  Prof.  .  May  15,  1891, 


1815.  Grote,  Augustus  Radclipfe  . 

209a  DE  GUBERNATIS,  ANGELO,  Prof  . 


Oct.       20,  1876, 
May     21,  1886, 


27  Tanza  Road,  Hampstead, 
London,  England. 

Logan  P.  O.,  Philadelphia. 
Amherst,  Mass. 

2020  Fifteenth  St,  Washington, 
D.  C. 

28  Jermyu  St.,  London,  S.  W., 
Engltind. 

31  Merohiston  Ave.,  Edinburgh, 
Scotland. 

103  N.  Front  St,  PhiladelphU. 

121  High  St,New  Haven,  Conn. 

158  Gibbs  Ave.,  Newport,  R.  I. 

19  Via  Romana,  Florence,  Italy- 

Smithsonian  Inst.,  Washing- 
ton. D.  C. 

614  Park  Ave.,  Baltimore,  Md. 

The  Shola,  Heathfleld  Road. 
South  Croydon,  England. 

23  Queen's  Road,  Richmond 
Surrey,  England. 

10  Craigie  St.,  Cambridge,Ma8fi. 

Univ.  of  Pennsylvania,  Pliila. 
delphia. 

133  8. 12th  St.  PhUadelphia. 

Cambridge,  Mass. 

Wilmington,  Delaware. 

Historical  Soc,  Boston,  Mass. 

27  9.  5th  St,  Philadelphia. 

Wistar  Institute,  36th  and 
Darby  Road,  Philadelphia. 

Al  Molo,  Palermo,  Sicily. 

Nauithofstrasse  25,  Marieu- 
hohe,  Leipzig-Stotteritz,  Ger- 
many. 

Buffalo,  N.  Y. 

Florence.  Ital 


▼iii 


yamf.  Date  qf  ElecHon.  PraerU  Addrem. 

2064.  Haxcxel,  Ernst,  Prof. Oct      16,  1885,    Univenity,  Jena,  GemiAny. 

1658.  Hale,  Rev.  Edw.  Evbrbtt  .  .  .     Jan'y    21,  1870.    39  Highland  SL,  Boxbury, 

Haas. 

1858.  Hall,  Asaph,  Prof Jan'y  18,  1878,    South  Norfolk,  Conn. 

1795.  Hall,  Charles  Edward Oct.      15,1875,    Plaza  TareBqnillo.  Mexico, 

Mexico. 

2396.  Hall.  Charles  M Dec.     16,  1898,    Niagara  Falls.  N.  T. 

2027.  Hall,  Lyman B.,  Prof..  ......     Jan'y   16,  1885,    HaTerford  ColL,  Hayerfbtd.Pa. 

2194.  Ham Y,  B.  T.,  Dr May     15,  1891,    40  Rue LObeck,  Aye.  du Troca- 

dero.  Paris,  France. 

1337.  Harding,  Oeoroe Jan'y    20,  1851,    2C36  Chestnut  St.,  Phila. 

2378.  Ha  RENEW,  William,  Prof . .  .  .     May      20,1898,   90  Mercer  St..  Jersey  City,  N.  J. 

2186.  Harris,  Joseph  a May     20,^1887,    144  School  Lane,  Oermantown. 

2246.  Harrison,  Charles  C,  Provost.    Feb'y  15,  1895,    1618  Locust  St,  Philadelphta. 

1827.  Hart,  Jambb  Morgan,  Prof.  .  .     Feb'y    2,1877,    1  Reservoir  Atc.,  Ithaca,  N.  Y. 

2365.  Hatcher,  John  B.,  Prof.  ....     Dec.     17,  1897,    Carnegie  Museum,  Pittsburgh, 

Pa. 

1681.  Haupt,  Hermann,  Gen April    21,  1871,    The  Concord,  Washington,  D.C. 

1862.  Haupt.  Lewis  M.,  Prof. May       8,  1878,    107  N.  35th  St,  Philadelphia. 

2446.  Hay,  John,  Hon Dec.     16,  1898,    State  Dep't,  Washington,  D.C. 

2082.  Hayeb,  Richard  Somers,  Capt .     May      21^  1886,    32  Nasiau  St,  New  York.  N.Y. 

2071.  Hays,  L  Minis,  M.D Feb'y  19,  1886,    266  &  21  Rt  St.,  Philadelphia. 

1985.  Hkilprin,  Angblo,  Prof April    20,  1883,    Academy  of  Natural  Sciences, 

Philadelphia. 

2283.  Henderson,  C.  Hanford,  Ph.D.    May     15,  1896,    Pratt  High  School,  Brooklyn, 

N.Y. 

2218.  Hbwett,  Waterman  T.,  Prof.  .     May     19,  1893,    Cornell  Univ.,  Ithaca,  N.  Y. 

2266.  Heyse,   Paul,  Ph.D May     17,  1895,    Munich,  Bavaria. 

2307.  HiLLER,  H.  M.,  M.D Feb'y  19,  1897,    1510  Walnut  St,  Philadelphia. 

2110.  HiLPRECHT,  Hermann  v..  Prof.     Dec     17,  1886,   403  S.  41st  St,  Philadelphia. 

1768.  HiMES,  Charles  Francts,  Prof.  .     Oct.     16,  1874,    Dickinson  Coll.,  Carlisle,  Pa. 

2488.  Hirst,  Barton  Cooke,  M.D.  .  .     Dec.     15,  1899.    1821  Spruce  St.,  Philadelphin. 

1663.  HrrcHCOcK,  Chas.  Henry,  Prof.    April    15,  1870,    Dartmouth  Coll.,Hanover,N.H. 

2355.  Holden,  Edward  S  ,  Prof.  .  .  .     Dec.     17,  1897,    Smithsonian  Institution,  Wash- 
ington, D.  C. 

2068.  HOLLAND,  Jabies  W.,  M.D.  .  .  .     Feb'y   19,  1886,    2006  Chestnut  St..  Philadelphia. 

2440.  Holmes,  William  H.,  Prof. ..  .     Dec.     15,1899,    U.S.  National  Museum,  Wash- 
ington, D.  C. 

1624.  Hooker,  Sir  Joseph  D.,  LL.D  .  .    Jan'y    15,  1869,    The  Camp,  Sunningdale,  En^- 

2224.  HoppiN,  J.  M..  Prof. Oct      20,  1893,    New  Haven,  Conn. 

2070.  Horner,  Inman Feb'y  19,  1886,    1811  Walnut  St,  Philadelphia. 

1696.  Hough,  George  W.,  Prof.  ....     Jan'y   19,1872,    N.W.Unlver8ity,Bvanston,I!l. 

1698.  Houston,  Edwin  J.,  Prof.    .  .  .     Jan'y   19,  1872,    1809  Spring  Garden  St,  Phila. 

2346.  Howe,  Henry  M.,Prof. Oct      15,  1897,    27  W.  73d  St,  New  York. 

2239.  HuGOiNs,  Sir  William,  K.C.B,  .     Feb'y   15,1895,    90  Upper Tulse  Hill,  S.W.,  Lon- 
don, England. 

1843.  Humphrey,  H.  C July     20.  1877,  T 

2248.  Hunter,  Richard  S Feb'y   15,  1895,    1413  Locust  St,  Philadelphia. 

2373.  Hutchinson,  Emlen May     20,  1898,    Aldine  Hotel,  Philadelphia. 

X 

1773.  Ingham.  Wm.  Armstrong April    16,  1875,    320  Walnut  St,  Philadelphia. 

2217.  d'Invillier.?,  Edward  Vincent.     May     19,1893,    711  Walnut  St.  Philadelphia. 


J" 

2iQme,  Date  of  ElecUan,                Prttmt  Addrett. 

2010.  James,  Edmund  J.,  Prof. April    18,  1884,  Univ.  of  Chicago,  Chicago,  lU. 

2302.  Jastrow,  Mobris,  Jr.,  Prof. .  .  .  Feb.     19,  1897,  248  S.  23d  St.,  Philadelphia. 

2375.  Jaynb,  Hxnrt  LaBarre  ....  May     20,  1896,  1826  Chestnut  St.,  Phila. 

2049.  Jaynb,  Horacb,  U.D Oct      16,  1885,  318  8. 19th  St.,  Philadelphia. 

1954.  Jbpfbbxb,  Wiluam  W Jan'y   20,  1882,  442  Central  Park  West.  New 

York  City.     . 

2017.  JoBDAN,  Francis.  Jr. April    18,  1884,  111  N.  Front  St.,  Philadelphia. 

1989.  Kanb,  Elisha  Kent April    20,  1883,    Kushequa,  Pa. 

2822.  Karfinsky,  Alex.  Petrovitch. 

Prof. May     21,  1897,    Geological  Survey,  St.   Peters- 

bui^,  Russia. 
2169.  Keanb,  John  J.,  Right  Rev.  .  .     Dec.     20,  1889,    Washington,  D.  C. 
2422.  Kbasbby,  Lindley  M.,  Prof.  .  .     Dec.      15,  1899,    Bryn  Mawr,  Pa. 

2329:  Keen,  Gregory  B Oct.     15,  1897,    2320  Spruce  St.,  Philadelphia. 

202L  Keen,  Wiluam  W..  M.D July     18,  1884,    1729 Chestnut  St.,Philade1phia. 

2392.  Keiser,  Edward  H.,  Prof.  .  .  .     Dec     16,1898,    Washington  University,  St. 

Louis,  Mo. 

2150.  Keller,  Henry  F May     18.  1900,    Central  High  School,  Phila. 

1728.  Kelvin,  Right  Hon.  Lord  .  .  .     April    18.  1873,    The  Library,  The  University. 

Glasgow.  Scotland. 
2278.  Kennelly.  a.  K.  D.Sc Feb.      28,  1896,    Crozer  Building,  1420  Chestnut 

St,  PhiladelphU. 
2392.  Knight,  Wiluam  A.,  Prof.  .  .  .      Dec.     16,  1898,    St  Andrew's.  Scotland. 
1767.  KdNio,  George  A.,  Prof Oct     16,  1874,    School    of   Mines,  Houghton, 

Mich. 
2424.  Kraemer,  Henry.  Prof.   ....     Dec.     15,  1899,    145  N.  lOth  St..  Philadelphia. 
216T.  Kbauss,  FriedrichS.,  Ph.D.  .  .     Dec.     20,  1889,    VII  Neustiflgasse  12,  Vienna, 

Austna. 


li 

1694.  Lambert,  Guillaume,  Prof.  .  .  Jan'y  19,  1872, 

2411.  Lamberton,  William  A.,  Prof  .  May  19,  1899, 

2377.  de  Lancey,  Edward  F May  20, 1898, 

2344.  liANaANi,  RUDOLPO,  Prof ....  Oct  15,  1897, 

1858.  Landreth,  Burket Jan'y  18,  1878, 

■  1781.  Langley,  Samuel  P.,  LL.D  .  .  .  April  16,  1875, 

1721.  La  Roche,  C.  Percy,  M.D.  .  .  .  Jan'y  17,  1873, 

1595.  Lea.  Henry  Charles Oct  18.  1867, 

3407.  Learned,  .Marion  D.,  Prof  .  .  .  May  19,  1899, 

1986.  Lehman.  Ambrose  E. April  20,  1883. 

2182.  Leland.  Charles  G May  16,  1890, 

2174.  LeMoine,  Sir  James  M Dec.  20,  1889, 

1931.  Leroy-Beaulieu.M.  Paul,  Prof.  April  15,1881, 

1382.  Lesley,  J.  Peter,  Prof. July  13,  1856, 

2085.  Levasbeur,  Emile,  Prof.   ....  May  21,  1886. 

1415.  Lewis,  Francis  W.,  M.D.  .  .  .*.  Jan'y  20,1880, 

2300.  Lewis,  G.  Albert Dec.  18, 1896, 

2338.  Libbey,  William.  Prof. Oct.  15,  1897, 


Univ.  of  Louvain,  Belgium. 

University  of  Penna.,  Phila. 

20  E.  28th  St,  New  York,  N.  Y. 

2  Via  Goito,  Rome,  Italy. 

Bristol.  Pa. 

Smithsonian  Institution,  Wash- 
ington, D.  C. 

1518  Pine  Street  Philadelphia- 

2000  Walnut  St,  Philadelphia- 
University  of  Penna.,  Phila. 

711  Walnut  St,  Philadelphia. 

Baring  Bros.  &  Co.,  London. 

Spencer  Grange,  Quebec,  Can- 
ada. 

27  Ave.  duBols  de  Boulogne. 
Paris,  France. 

Milton.  Mass. 

26,  Rue  Mens  le  Prince,  Paris. 
France. 

2016  Spnice  St.,  Philadelphia. 

1834  De  Lancey  Place,  Phila. 

20  Bayard  Ave.,  Princeton,  N.J. 


Name. 

2432.  lippincott,  j.  dundas 

2312.  Lister,  The  Right  Hon.  Lord  . 

1756.  LocKYER,  Sir  Joseph  Norman, 
K.C.B 


2160.  Lodge,  Ouver  Joseph,  LL.D  . 
2435.  LoEB,  Jacques.  Dr 

1872.  LONGSTRETH,  BtlORRIS,  M.D.  .    . 

2202.  Low,  Hon.  Seth 

23 M).  Lowell,  Percival 

1629.  Lyman,  Benjamin  Smith  .  .  . 


DaU  qf  Election.  Praenl  Address. 

Dec.     15,  1899,    1333  Walnut  St..  PhiUdelphia. 
May    21,1897,    12  Park  Creseeni.  Portland 
Place,  London,  England. 

April  17,  1874,    Royal  Ck>llege  of  Science,  8. 

Kensington,  London,  &  W., 

England. 

Feb'y  15,  1901,    The  TTnlversity,  Birmingham, 

England. 

15,  1899,   University  of   Chicago,  Chi- 
cago, IlL 

20,  1878,    1416  Spruce  St.  Philadelphia. 

19,  1892,    80  E.  46th  St..  New  York  aty. 

15,  1897,    53  State  St.,  Boston. 


Dec. 

Sept. 
Feb. 
Oct. 


Jan*y    15,  1869,    708  Locust  St,  Philadelphia. 


Jbo: 


2319.  Mabery,  Charles  p.,  Prof.  .  .  . 
2107.  MacAuster,  James,  Pres't.  .  .  . 
2207;  Macparlane,  John  M.,  Prof.  .  . 
2404.  Mackenzie,  Arthur  S.,  Prof.  .  . 

2363.  McCay,  Leroy  W.,  Prof 

2366.  McClure.  Charles  p.  W.,  Prof. 
2280.  McCooK,  Henry  C,  Rev.,  D.D. . 

1888.  McCreath,  Andrew  S 

1821.  Mckean,  Wiluam  V 

2299.  Maoie,  Wm.  Francis,  Prof.  .  .  . 
2889.  Mahan,  AlpredT.,  Capt  U.S.N. 
•2042.  Mallet,  John  Wm.,  M.D.  .  .  . 

1^7.  Mansfield,  Ira  Franklin  .  .  . 
1857.  March,  Francis  Andrew,  Prof. 
2161.  Marconi,  Guguelmo 

2463.  Marcovnikoff,  Vladimir,  Prof.. 


186L  Marks,  William  D.,  Prof..  .  .  .  May       3,  1878. 

2078.  Marshall,  John,  M.D May     21,  1888, 

2184.  Mascart,  E.,  Prof. Dec     19,  1890, 

1572.  Mason,  Andrew Jau'y    18,  1867, 

2431.  Mason,  Otis  T.,  Prof. Dec.      15,  1899, 

2279.  Mason,  Wm.  PiTTd,  M.D.,  Prof. 


May 

21,  1897, 

Dec 

17,  1886, 

Dec. 

16,  1892, 

May 

19,  1899, 

Dec. 

17,  1897, 

Dec. 

17,  1897, 

Feb. 

2H.  1896, 

July 

18,  1879, 

Feb'y 

2,  1877, 

Dec 

18,  1896, 

Oct. 

15,  1897, 

Jan'y 

16,  1885, 

Jan'y 

18,  1878, 

Jan'y 

18,  1878. 

Feb'y 

15,  1901, 

Feb'y 

15,  1901. 

21%.  Maspero,  Gaston-Camille,  Prof. 

2427.  Matthew.-^,  Albert 

2399.  Meigs,  Aktiiur  V.,  M.D 

2456.  Meigs.  William  M 

2115.  VON  Meltzkl,  Hugo,  Prof.  Dr.    . 
2330.  Melville,  Geo. W  ,  Rear  Admiral. 
2430.  Mendenhall,  Thomas  C  ,  Prof. 
2387.  Mengakini,  Guglielmo,  Prof.  . 

2251.  Mekcf.r,  Henry  C 

J90;i.  Merrick,  John  Vauuhan 


Feb. 

28,  1896, 

May 

15,  1891, 

Dec. 

15,  1899, 

May 

19,  1899, 

Feb'y 

15.  1901, 

Dec. 

17,  1S86, 

Oct. 

15,  1897, 

Dec. 

15,  1899, 

May 

20,  1S98, 

Feb. 

15,  1895, 

April 

IG,  18S(), 

57  Adelbert  St,  Cleveland.  \). 

119  N.  18th  St.  Philadelphia. 

Lansdowne,  Delaware  Co..  Pa. 

Bryn  Mawr.  Pa. 

Princeton,  N.  J. 

Princeton,  N.  J. 

3700  Chestnut  St,  Philadelphia. 

223  Market  St,  HarrUburg,  Pa. 

20J  N.  19th  St.  Philadelphia. 

Princeton,  N.  J. 

160  W.  86th  St,  New  York. 

University  of  Virginia,  Char- 
lottesville, Va. 

Cannelton,  Beaver  Co.,  Pa. 

Lafayette  College,  Easton,  Pa. 

The  Haven  Hotel.  Sand  Earths, 
Poole,  Dorset,  England. 

Imp.  Moskovsky,  Universitet 
Moscow,  Russia. 

Westport.  Essex  Co.,  N.  Y. 

1718  Pine  St,  Philadelphia. 

176  Rue  de  l'Universit6,  Paris. 
Prance. 

30  and  32  Wall  St,  New  York. 

U.  8.  National  Museum,  Wash- 
ington, D.  C. 

Rensselaer  Polytechnic  Insti- 
tute, Troy,  N.  Y. 

Ave.  de  robservatoire,  No.  24, 
Paris,  France 

145  Beacon  St..  Boston,  Mass. 

1322  Walnut  St.,  PhiladelphU. 

1203  Walnut  St,  Philadelphia. 

Kolosrvar,  Hungary. 

Navy  Dept.,  Washington.  D.  C. 

Worcester,  Mass. 

Rome.  Italy. 

Doylestown,  Pa. 

Roxborough,  Philadelphia. 


XI 


Home. 
1947.  Merriman,  Mansfield,   Prof. . 

1744.  ME88CHEBT,  MATTHEW  HUIZINOA. 

2436.  Meyer,  A.  B.,  Prof. 


2142.  Michael,  Mrs.  Helen  Abbott 
2423.  Miller.  Leslie  W..  Prof.  .  .  .  , 


Date  of  Election. 
Oct.  21.  1881, 
Oct  17,  1873, 
Dec.      15,  1899. 


May 
Dec. 


20,1887, 
15,  1899, 


2281.  MiNOT,  Chas.  Sedgwick,  M.D,  .  May      15,  1896, 

2175.  Mitchell,  Hon.  Jambs  T.  .  .  .  Feb'y    21,1890, 

1461.  Mitchell.  S.  Weir.  M.D  ...  .  Jaa'y    17,  1862, 

2267,  Monteqaza,  Paolo May      17,  1895, 

2367.  Montgomery,  Thos.  H.,  Jr.,  Prof.  Feb'y  18,1898, 

2323.  Moore,  Clarence  B Oct      15,  1897. 

2029.  Moore,  James  W.,  M.D Jan»y   16,  1885, 

1841.  Morehouse,  George  R.,  M.D.  .  April    20,  1877, 

2340.  MoRLEY,  Frank,  Prof. Oct      15,  1897, 

2109.  Morris,  Harbison  S May     19,  1899, 

2397.  Morris,  Israel  W May     19,  1899, 

1976.  Morris,  J.  Cheston,  M.D Jan'y   19,  1883, 

2454.  Morris.  John  T Feb'y    15,  1901, 

2265.  MoRSK,  Edward  S.,  Prof.  ....  May      17,  1895, 

1577.  Morton,  Henrv,  Pres't Jaa'y   18,  1867, 

2447.  Morton,  Thomas  George.  M.D..  Feb'y  16,  1900, 

2121.  Much,  Math^eos,  Ph.D.,  Prof.  .  Dec.     17,  1886, 

2461.  MUNRO,  Dana  C,  Prof. May     17,  1901, 

2192.  MUNROE,  Charles  £.,  Prof.    .  .  May     15,  1891, 


2062.  MURDocK,J.B.,Lieut.-Goin.U.S.N. 
1937.  Murray,  James  A.  H.,  LL.D  .  . 


Feb'y   19.  1886, 
April    15,  1881. 


Pretent  Addreu. 

Letiigh  Univ.,  Bethlehem,  Pa. 

Douglassville,  Berks  Co ,  Pa. 

K.  Zodiogiaches  u .  A  o  thropnio 
glRch-Ethnographisehea  Mu- 
seum, Dresden,  G'^rmany. 

35  West  Cedar  St.,  Boston,  Mass. 

N.  W.  cor.  Br<4id  and  Piue  Sm., 
Philadelphia. 

Harvard   Univ.,   Cambridge, 
Mass. 

1722  Walnut  St.  Philadelphia. 

1524  Walnut  St.,  Philadelphia. 

Florence,  Italy. 

Biological  Hall,  Univ.  of  Pa., 
Philadelphia. 

1321  Ix)cust  Street,  Phila. 

Lafayette  College,  Eoston,  Pa. 

2033  Walnut  St,  Philadelphia. 

Johns    Hopkins  University, 
Baltimore. 

Academy  of  Fine  Arts,  Phila- 
delphia. 

225  So.  8th  St,  PhiladelphU. 

1511  Spruce  St,  Philadelphia. 

826  Drexel  BuUding,  Phila. 

Essex  Institute.  Salem,  Mass. 

Hoboken,  N.  J. 

1617  Chestnut  St.,  Philadelphia. 

XIII  Penzlngerstrasse,  84,  Vi- 
enna, Austria. 

3733  Walnut  St.,  Philadelphia. 

Columbian  Univ.,  Washiugtou, 
D.  C. 

Navy  Dept,  Washington,  D.C. 

Sunnyside,  liaubury  Road,  Ox- 
ford, England. 


2sr 

2087.  DB  Nadaillac.  Marquis May  21,  1886, 

2316.  Nansen,  Fridtjof,  Prof.    ....  May  21,  1897, 

1852.  Newcomb,  Simon,  Prof. Jan'y  18,  1878. 

1703.  Nichols,  Starr  Hoyt,  Rev  .  .  .  July  19,  1872, 

2060.  Nikitin,  Sergej,  Prof. Feb'y  19,  1806, 

1712.  NORRis.  Isaac,  M.D Oct.  18,  1872, 

2046.  North,  Edward,  LL.D.,  Prol.    .  Oct.  16,1885. 

2269.  NUTTAi.L,  Mrs.  Zelia May  17,  1895, 


18  Rue  Duphot,  Paris,  France. 

Godthaab,  Lysaker,  Norway. 

16-0  P  St,  Washington,  D.  C. 

61  Exchange  Place,  New  York. 
N.  Y. 

Geological  Survey,  St.  Peters- 
burg, Russia. 

Fair  Hill,  Bryn  Mawr,  Pa. 

Hamilton  College,  Clinton.N.  Y. 

Peabody  Museum,  Cambridge, 
Mass 


2072.  Oliver,  Charles  a.,  M.R  .  .  .  Feb'y    19.  18%, 

2354.  Olney,  Richard,  Hon Dec.      17.  1897 

2195.  Oppert,  Jules,  Prof May 

2862.  Ortman.v,  ARNor.i*  E,  I'rof.  .  .  .  Dec. 


1,t07  rA)cti8t  St..  Philadelphia. 

23  Court  Street,  Boston, 
15.  1891,    2  Rue  de  Sfax.  Paris,  France. 
17,  1897,    8  Maple  St,  Princeton,  N.  J. 


AanK,  Date  qf  Election.  PreaetU  Address. 

^35.  08B0RN,  Henry  F.,  Prof. ....     Feb'y   18,  1887,    Amei|Ban  Museum  of  Natural 

History,  New  York  City. 

2039.  Osi.iR,  William,  M.n Jan'y    16,1885,    1  West  Frankliu  St.,  Baltimore, 

Md. 


1868.  Packard,  Alpheus  8.,  Prof. 
1578.  Packard,  John  H.,  M.D.  .  . 
2396.  Pancoast,  Henrt  8 


2035.  Patterson,  C.  8tuart.  .  .  . 
2452.  Patterson,  Edward,  Hon . 

2385.  Patterson,  Lamar  Gray    . 
1282.  Patterson,  Robert  ... 
1320.  Patterson,  Thomas  Leiper 


Sept  20,  1878, 

Jan'y  18,  1867, 

Dec.  16,  1898, 

Jan'y  16,  1885, 

May  18,  1900, 

May  20.  1898, 

April  18,  1851, 

April  15,  185^, 


2218.  Pattison,  Robert  E,.  Hon     .  .  Feb.      17,  1893, 

2357.  Patton,  Francis  L.,  D.D.,  Pres't  Dec.     17,  1897, 

2428.  Paul,  J.  Rodman Dec.     15,  1899, 

1772.  PSARSE,  John  B Jan'y    15,  1875, 

2318.  Peckham,  S  F..  Prof May     21.  1897, 

1859.  Peirci,  C.  Newlim.  D.D.S May       3,  1878. 

1722.  Pemberton,  Henry Jan*y   17,  1873, 

2104.  PkAafiel,  Antonio.  Dr May     21,  1886, 

2455.  Penniman,  Jo6iah  H.,  Prof    .  .  Feb'y    15,  1901. 

2078.  Pbnnypac^er,  Samuel  W.,  Hon.  May     21,  1886, 

1518.  Penrose,  R.  A.  F.,  M.D July     17,  1863, 

2069.  Pepper.  Edward,  M.D Feb'y   19,  1886, 

2333.  Pepper,  George  Wharton     .  .  Oct.      15,  1897, 

2383.  Pettee,  William  Henry,  Prof.  May     20,  1898, 

2281.  Pettit,  Henry Feb.     28,  1895, 


2403.  Phillips,  Francis  C,  Prof.  ,  . 
2295.  Pickering,  Edw.  C,  Prof.  .  .  . 

2342.  PiERSOL,  George  A.,  M.D 

2277.  PiMBRY.  Henry  A.,  Prof. .... 


2374.  Platt,  Charles 

2127.  Platzmann,  Juuus,  Ph.D. 


May  19,  1899, 

May  15.  1896, 

Oct.  15,  1897, 

Dec.  20,  1895, 

May  20,  189S. 

Dec.  17.  1886, 


2415.  PoiNCARfe.  Jules-Henri,  Prof.  .  May  19,  1899, 

2053.  POMIALOWSKY,  JOHN,  PfOf.    ...  Oct.  16,  1885, 

2097.  Postgate,  John  P.,  Prof. May  21,  1886, 

2161.  Powell,  J.  W.,  LL.D Oct.  18,  1889, 

2437.  Preece,  Sir  William  Henry  .  .  Dec.  15,  1899, 

23<«2.  Prescott.  Albert  B.,  Prof.      .  .  May  20,1898, 

1780.  Prime,  Frederick April  16,  1875, 


Providence,  R.  I. 

Hotel  Stenton,  Philadelphia. 

267  E.  Johnson  St,  Grermao- 
town,  Phila. 

1000  Walnut  St,  Philadelphia. 

Supreme  Court,  Appellate  Div., 
Ist  Dept.,  New  York  City. 

P.  O.  Box  218,  Ljrnchbuig,  Va. 

329  Chestnut  St,  Philadelphia. 

176  -  Washington  St,  Cumber- 
land, Md. 

5930  Drezel  Rd.,  Overbrook.  Pa. 

Prlooeton.  N.  J. 

903  Pine  St.,  PhUadelphia. 

317  Walnut  Av. ,  Roxbury ,  Mass. 

51  Quincy  St.,  Brooklyn. 

3316  Powelton  Aye.,  PhUadel- 
phia. 

1947  Locust  St,  Philadelphia. 

Ciudad  Mexico,  Mexioo. 

4326  Sansom  St,  Philadelphia. 

1540  N.  15th  St,  Philadelphia. 

1331  Spruce  St.,  Philadelphia. 

£1  Afia,  El  Blar,  Alger,  Algerie 

701  Drezel  BuUding,  Phila. 

554  Thompson  St,  Ann  Aibor, 
Mich. 

5951  Overbrook  Ave.,  Phila- 
delphia. 

P.  O.  Box  126.  Allegheny,  Pa. 

Harvard  Univ.,  Cambridge, 
Mass. 

Chester  Ave.  and  49th  St., 
Philadelphia. 

Academy  of  Natural  Sciences, 
Philadelphia. 

237  S.  18th  St.,  Philadelphia. 

Reichsstrasse  2,  Leipsig,  Ger- 
many. 

63  Rue  Claude  Bernard,  Paris, 
France. 

St.  Petersburg,  Russia. 

Cambridge,  England. 

910  M.  St.,  N.  W..  Washington. 
D.C. 

12,  Queen  Anne's  Gate,  Lon- 
don, S.  W.,  England. 

734  S.  Ingalls  St,  Ann  Arbor, 
Mich. 

lOOS  Spruce  St.,  Philadelphia. 


XIU 


Name.  Date  <^  tectum. 

'J414.  Pbitcuett,  HcmbyS,  President.    May      19,1899, 


1758.  PuMPBLLT,  Raphael,  Prof.  . 

2298.  PUPIN,  MiCHABL  I.,  Prof.  ....     May 

2268.  Putnam,  F.  W.,  Prof. May 


PreteiU  Addrett. 
Mavacbuietts  Institute  Qf 
Technology,  Boston. 
April   17,  1874,    Newport.  R.  I. 

7  Highland  PI.,  Yonkeii,  N.  Y. 
Peabody  Museum,  Cambridge, 


15.  1896, 
15,  1895, 


2131. 

2401. 

1736. 
1849. 
2465. 

2388. 
2398. 
2099. 
1784. 
2381. 

2405. 
1889. 

1948. 

1890. 
2443. 
1816. 


Rada,  Juan  de  Dios-t  Delqado, 
Ramsay,  William,  Prof. 


Dec.      17,  1886, 
May     19,  1899, 


Rand,  Theodore  D April  18,  1873, 

Randall,  P.  A.,  M.D Jan'y  18,  1878, 

Ravesel,  Mazyck  p.,  Dr May  17,  1901, 

Rawlb,  Francis Dec.  16,  1898, 

Rawlb,  Wiluam  Brooke.  .  .  .  May  19,  1899, 

Rayleioh,  The  Right  Hon.  Lord.  May  21,  1886, 

Raymond,  Rossiter  W April  16.  1875, 

Redwood,  Bovebton May  20,  1898, 

Remington,  Joseph  P.,  Prof. .  .  May  19,  1899, 

Rescsen,  Ira,  Prof. July  18,  1879, 

Renard,  a.  F.,  Prof. Oct.  21,  1881, 

Renevier,  E.,  Prof July  18,  1879, 

Rennert.  Hugo  A.,  Prof.  ....  Dec.  15,  1899, 

Reuleaux,  F.,  Prof. Feb'y  2,  1877, 


2122,  R6VILLE,  Albert,  Prof. Dec.  17,  1886, 

2315.  Rhoads.  Samuel  Nicholson.  .  .  May  21,  1897, 

2226.  Robebts,  Isaac,  Sc.D Oct.  20.  1893, 

1957.  Robins,  James  W.,  Rev April  21,  1882, 

2177.  Rogers,  Robebt  W.,  Prof.  .  .  .  Feb'y  21,  1890, 

1462,  RoHRiG.  F.  L.  Otto,  Prof.  ....  April  18,  1862, 

2050.  RoLLETT,  Hermann,  Ph.D.    .  .  .  Oct.  16,  1885, 

1907.  Rood,  Ogden  N.,  Prof. April  16,  1880, 

2198.  RoeENOARTEN,  JOSEPH  G Oct.  16,  1891, 

1964.  deRosny,  LfeON,  Prof July  21,  1882, 

1838.  RoTHROCK,  Joseph  T.,  Prof.  .  .  April  20,  1877, 

16i0.  Rutimeyer,  Carl  L.,  Prof.  .  .  .  Jan'y  15,  1869, 


Calle  de  la  Corredera  baja  de  8. 
Pablo  No.  12,  biadrid,  Spain. 

University  College,  Qower  St., 
W.  C,  London,  Eng. 

Radnor,  Del.Co.,  Pennsylvania. 

Warren,  Pa. 

University  of  Pennsylvania, 
PhiladelphU. 

'•The  Lincoln,"  Philadelphia. 

230  So.  22d  St,  Phihidelphia. 

Terling  PI.,  Witham, Essex.  Eng. 

99  John  St.,  New  York,  N.  Y. 

4,  Bishopsgate  St  Within.  E.  C. 
Loudon,  England. 

1832  Pine  St,  Philadelphia. 

Johns  Hopkins  Univ.,  Balti- 
more, Md. 

Acad,  of  Sciences,  Brussels, 
Belgium. 

Univ.  Lausanne,  Switzerland. 

4232  Chestnut  St.,  Philadelphia. 

W.  Ahornstrasse  2,  Berlin,  Ger- 
many. 

21  Rue  Gu4n^aud,  Paris, 
France. 

Audubon,  N.  J. 

Starfield,  Crowborough,  Sus- 
sex, England. 

Merion,  Penna. 

Drew  Theological  Seminary. 
Madison,  N.  J. 

Pasadena.  Cal. 

Baden  bei  Wien,  Austria. 

Columbia  University,  New 
York. 

1701  Walnut  St,  Philadelphia. 

28  Rue  Mazarine,  Paris,  France 

West  Chester,  Pa. 

Basle,  Switzerland. 


S 

2230.  Sachse,  Julius  F Feb'y  16,  1894,  4428  Pine  St,  Phila. 

1766.  Sadtler,  Samuel  P.,  Prof ...  .     Oct      16,1874,  N.E.  cor.  10th  and  Chestnut  Sts., 

PhUadelphia. 

2148.  Sajous,  Charles  E,  M.D  ....     Feb'y   17,  1888,  2043  Walnut  St,  Philadelphia. 

2358.  Sampson,  Alden .  .     Dec.     17,  1897,  Haverford,  Fa. 

1568.  Sandbbbqbb,  Fbboolin,  Prof.  .     April  20,  1866,  Univ.  of  WOrzburg,  Bavaria. 

2327.  Sandebs,  Richabd  H Oct     15^.1897,  1225  Locust  St.,  Philadelphia. 


XIY 


Name. 


Date  of  Eleetton. 


1958.  Sasoent,  Charles  Spraoue, Prof.  April    21,1882, 

1780.  DBSAU88URB,  HSNRI April    18,  1873, 

2211.  SCHAFFER,  Charles,  M.D.    .  .  .  Feb'y  17,  1893, 

2488.  Schiaparelu,  Giovanni  ....  Feb'y  15,  1901, 


2444.  Schlegel,  Qctbtave,  Prof . 


Dec.-     15.  1899, 


1864.  SCHURZ,  Carl.  Hon Sept    20,  187R, 

1725.  ScLATER,  Philip  Lutley.  Ph.D  .     April    18,  1878, 


2872.  SooTT,  C.  P Feb'y  18,  1898. 

2112.  SooTT,  W.  B.,  Prof. Dec  17,  1886, 

1870.  Scudder,  Samuel  Hubbard.  .  .  Sept  20,  1878, 

2352.  See,  T.  J.  J.,  LL.D Dec.  17,  1897, 

1701.  Sellers,  Coleman,  Sn.D July  19,  1872, 

2420.  Sellers,  Coleman,  Jr Dec.  15,  1899, 

1533.  Sellers,  Wiluam April  15, 1864. 

1770  Selwyn,  Alfred  R.  C,  LL.D.  .  Oct.  16,  1874, 

2057  Sergi,  Giuseppe,  Prof Oct.  16,  1885, 

2076.  Sharp,  Benjamin,  M.D May  21,  188G. 

1960.  Sharples,    Stephen    Paschall, 

Prof. AprU  21.  1882, 

1797.  Sherwood.  Andrew Oct.  15,  1875, 

1822.  Shields,  Chas.  W.,  Rev.,  LL.D..  Feb'y  2,  1877, 

2442.  Sigsbbe,  Charles  D.,  Capi  U.S.N.  Dec  15.  1899, 

2149.  Sinkler,  Whartom,  M.D May  18,  1900. 

2351.  Smith,  A.  Donaldson,  M.D  .  .  .  Oct  15,  1897, 

2146.  Smith,  Edgar  P..  Prof. Oct  21,  1887, 

1789.  Smith,  Stephen,  M.D Oct  15.  1875, 

2335.  Smock,  John  C,  Prof. Oct  15,  1897, 

214L  Smyth,   Albert   H.,    Prof.    .  .  May  20,  1887, 

2229  Snellen.  Herman,  Jr.,  Ph.D.  .  Feb'y  16,  1894. 

1742.  Snowden,  a.  Ix)UDON Oct  17,  1873, 

2009.  SNYDER,  Monroe  B.,  Prof.  .  .  .  Jau'y  18,  1H84, 

1720.  Spoffoud,  a.  R.,  LL.D Jaa'y  17,  1873, 

2348.  Stephens.  U.  Morse,  Prof.  .  .  .  Oct  15,  1897, 

1990.  Stevens.  Walter  LeConpe,  Prof.  Jan'y  18,1884, 

1840.  Stevenson,  John  Jambs,  Prof.  .  April  20,  1877, 

2276.  Stevenson,  SaraY Oct  18,  1805, 

2:^71.  Stillwell,  L.  IJ.      .       Feb'y  18,  1898, 

2168.  Stokes,  Sir  George  G.,  Bart .  .  Dec.  20,  1889, 

209L  SUESS,  Eduard,  Prof. May  21,  1886, 

225S.  Sulzberger,  Mayer,  Hon.  .  .  .  May  17,  1895, 

2092.  SzoMBATHY,  JosEF,  Prof May  21,  1886, 

T 

2328.  Tatham.  William Oct  15,  1897, 

2243.  Taylor.  Isaac,  Rev.,  LL.D     .  .  Feb'y  15,  1895, 


PreterU  Addre»9, 

Jamaica  Plain,  Mass. 
Geneva,  Switzerland. 
1809  Arch  St.  Philadelphia. 
Royal  Observatory,  Milan, 

Italy. 
University  of  Leyden,  Leyden. 

Holland. 
54  William  St.  New  York,  N.Y. 
3  Hanover  Square,  London,  W. 

England. 
PitUburgh,  Pa. 
Princeton.  N.  J. 
Cambridge,  Mass. 
U.  S.  Naval  Observatory,  Wash- 

injtton.  D.  C. 
3301  Baring  St,  Philadelphia. 
410  N.  38d  St.  Philadelphia. 

1819  Vine  St,  Philadelphia. 

28  Nepean  St.  Ottawa,  Canada. 
UniverBit&  Romana.  Rome,  Italy 
Academy  of  Natural  Sciences. 
Philadelphia. 

13  Broad  St,  Boston,  Mass. 
Mansfleld,  Tioga  Co.,  Penna. 
Princeton,  N.  J. 
Navy  Dept.,  Washington,  DC. 
1606  Walnut  St,  PhUadelphia. 

1820  Chestnut  St.,  Phila. 

3471  Waluut  St..  Philadelphia. 

67  W.  42d  St,  New  York,  N.  Y. 

Trenton,  N.  J. 

5219  Archer  St,  Germantowu, 
Philadelphia. 

Utrecht,  Netherlands. 

1812  Spruce  St.  Philadelphia. 

2402  N.  Broad  St,  Philadelphia. 

Library  of  Congress,  Washing- 
ton. D.  C. 

Cornell  Univ..  Ithaca,  N.  Y. 

Lexington,  Va. 

University  Heights,  New  York, 
N.Y. 

237  S.  2l8t  St,  Philadelphia. 

Buffalo  Ave.,  Niagara  Falls.N.  Y. 

Lensfielil  Cottage,  Cambridge. 
England. 

K.  K.  Geologische  Reichaan- 
staU,  Vienna,  Austria. 

130 { Girard  Ave, Philadelphia. 

Burgring  7,  Vienna,  Austria. 


1811  Walnut  St,  Philadelphia 
York,  England. 


Name. 


DaUta  Eleetion. 


2098.  TKifPLX,RiCHABDCABNAC,Lt.Col.  May     21,  1886, 

2289.  Tula,  Nikola May     15,  1896, 

2006.  Thomas,  Allen  C,  Piof.  ....  Jaii*y   18.  1884, 

1993.  Thompson,  Hebxr  8 Jan'y  18,  1884, 

1726.  Thompson,  8ir  Hknrt,  Bart. .  .  April  18, 1878, 

1807.  Thomson,  Elihu,  Prof. April   21,  1876, 

1909.  Thomson,  Willlui,  M.D Aprtl   16,  1880. 

2062.  DC  Thurn,  Everard  F. Oct.      16.  1885, 

1630.  Thxjry,  a.,  Prof. April    16,  1864, 

2176w  TiMMiNS,  Samubl Feb.     21, 1890, 

2123.  ToPiMARD.  Paul,  Prof. Dec.     17,  1886, 

2240.  Tower,  Charlrmaonb,  Jr.,  Hon.  Feb*y  15,1895, 


Preaent  Addrem. 
Port  Blair,  Andaman  Islandg. 

Bengal,  India. 
46  E.  Honston  St,  New  York. 
Hayerford,  Pa. 

Slieafer  Build'g,  Pottsville,  Pa. 
85   Wimpole   St.,    Cavendish 

Square,  London,  England. 
Swampscott,  Mass. 
1426  Walnuf  St.,  Philadelphia  . 
Pomeroon  River,  Georgetown, 

British  Guiana,  8.  A. 
Univ.  of  Geneva,  Switzerland. 
Arley,  near  Coventry,  England. 
105  Rue  de  Rennes,  Paris, 

France. 
U.  S.  EmbasHy,  St.  Petersburg, 

Russia. 


2418.  Treveltan,  Georoe  Otto,   Rt. 
Hon.  Sir 

2288.  Trowbridqe,  John,  Prot .... 
2441.  True,  Frederick  William,  Dr . 

2024.  Trumbull,  Henry  C,  Rev.,  D.D. 

1973.  l^CHERMAK,  GUSTAV. 

2321.  Tbchbrnyschew,  Theodore, 

Prof. 


May     19,  1899,    8  Grosvenor  Crescent,  S.  W., 

London,  England. 
May     15,  1896,    Harv.  Univ.,  Cambridge,  Mass. 
Dec.     15,  1899,    U.  S.  National  Museum,  Wash. 

ington,  D.  C. 
July     18,  1884,    1031  Walnut  St.,  Philadelphia. 
Oct.      20,  1882,    Univerali&t,  Vienna.  Austria. 


May      21,  1897, 


1629.  V.  TuNNER,  Peter  R.,  Prof.  .  . 
1983.  Turrettini,  Theodore,  Prol . 
2166.  Tuttle.  David  K.,  Ph.D.  .  .  .  , 
2163.  Tyler,  Lyon  G.,  Hon.,  Pres't . 
2138.  Tyson,  James,  M.D 


Geological  Survey,  St.  Peters- 
burg, Russia. 
Leoben,  Austria. 

19,  189(»,    Geneva,  Switzerland. 
18,  1889,    U.  S.  Mint,  Philadelphia. 
18,  1889.    Williamsburg.  Va. 

20,  1887,    1506  Spruce  St.,  Philadelphia. 


April    15,  1864, 

Dec. 

Oct 

Oct. 

May 


2185.  Unwin,  Wiluam  C,  Prof. , 


TJ 
Dec     19,  1890, 


7  Palace  Gate  Mansions,  lx)n- 
don,  England. 


■V" 

2400.  Vaucijlin,  Samuel  M May 

2325.  Vaux.George,  JR Oct. 

2045.  DE  Vere,  M.  Schele,  Prof.  .  .  •  Oct. 

1475.  ViRCHOW,  Rudolph,  Prof.  .  .  .  Oct. 

1670.  VosE,  George  L.,  Prof. Oct. 

2186.  VosBiON,  Louis Dec. 


19,  1899.    1533  Green  St.,  Philadelphia. 

15,  1897,    404  Glrard  Building,  Phila. 

16,  1885,    University  of  Virginia,  Char- 

lottesville, Va. 

17,  1862,    Universitilt,  Berlin,  Germany. 
21,  1870,    Concord,  Mass. 

19,  1890,    Consulate  of  France.  Bombay 
India. 


2034.  Wagner,  Samuel 


1748.  Wahl,  William  H.,  Ph.D.  .  . 
2331.  Walcott.  Charles  D.,  LL.D. 


Jan'y  16,  1885,  Greenbank  Farm,  West  Ches- 
ter. Pn. 

Jan'y    16,  1874,    15  S.  7th  St.,  Philadelphia. 

Oct.  15,  1S97,  U.  S.  Geological  Survey,  Waslj- 
ington,  D.  C. 


XVI 


Name,  Date  qf  Election. 

1724.  Walulce,  Alpekd  RuasEL,  LL.D.  April    18,  1878, 

2156.  Ward,  Lester  F.,  LL.D May     17,  1889. 

1926.  Ware,  Lewis  8 Jon'y  21,  1881, 

2359.  Warfield,  Ethelbert  D.,  Pres't  Dec.     17.  1897, 

2033.  Weil,  Edward  Henry Jan'y  16,  1885, 

2286.  Welch,  Wiluam  H.,  M.D.  .  .  .  May     15,  1896, 

1639.  Wharton,  Joseph April    16,  1889, 

1637.  White,  Andrew  D.,  Hon April    16,  1869, 


1848.  White,  Israel  C,  Prof. 

23M   Whitefibld,  R.  p.,  Prof .... 

2439.  Whitman,  Charles  Otis,  Prof.  . 

1863.  Wilder,  Burt  G.,  Prof 

2250.  WiLLcox,  Joseph 

2347.  Williams,  Edward  H.,  Jr.,  Prof. 

2151.  WiLUAMS,  TALCOTT 

2178.  Willis,  Henry,  Prof 

2041.  Wilson,  James  Cornelius,  M.D. 

1747.  Wilson,  Joseph  M 

2137.  Wilson,  William  Powell,  M.D. . 
2341.  Wilson,  Woodrow,  Prof.  ... 

2216.  WisTAR,  Gen  Isaac  J 

2314.  Wister,  Owen 

2343.  Witmer.  Lightner,  Prof.  .  .  . 

1884.  Wood,  Richard 

2408.  Wood,  Stuart 

1762.  Woodward,  Henry,  LL  D.  .  .  . 

2J90.  Wright,  Arthur  W.,  Prof  .  .  . 
2448.  Wright.  William  Aldis,  LL.D  . 


2244.  WuNDT,  WiLiJAM,  Prof. 

2426.  WuRTS,  Alexander  Jay  .  .  .  . 

1932.  WuRTS,  Charles  Stewart,  M.D. 
2061.  Wyckoff,  a.  B.,  Lieut.  U.  S.  N.  . 


Jan'y 

18,  1878, 

May 

20,  1898. 

Dec. 

15,  1899, 

May 

3,  1878, 

Feb. 

15,  1895, 

Oct. 

15,  1897, 

May 

18,  1888, 

Feb'y 

21,  1890, 

Jan'y 

16,  1885, 

Jan'y 

16,  1874, 

May 

20,  1887, 

Oct. 

15.  1897, 

May 

19,  1893, 

May 

21,  1897, 

Oct. 

15,  1897, 

April 

18,  1879, 

May 

19,  1899, 

July 

17,  1874, 

May 

15,  1896, 

Feb'y 

16,  1900, 

Feb. 

15.  1895, 

Dec. 

15,  1899, 

Jan'y 

21,  1881, 

Feb'y 

19,  1886, 

Prueid  Addrue. 

Parkstone,  Dorset,  England. 

1464  Rhode  Island  Ave.,  Wash- 
ington, D.  C. 
PhilaJBookGo.,15S.9th8t.,PhilA. 

Easton,  Pennsylyaaia. 

1720  Pine  St,  Philadelphia. 

935  St.  Paul  St.,  Baltimore,  Md. 

P.  0.  Box  1332,  Philadelphia. 

U.  &  Embassy,   Berlin,  Ger- 
many. 

119  Wiley  St.,  Morgantown, 

W.Va, 
American  Museum  of  Natural 
History,  New  York  City. 

University    of  Chicago,  Chi- 
cago, lU. 
60  Cascadilla  PL,  Ithaca,  N.  Y. 

"  The  Clinton,"  10th  and  Clin- 
ton Sts.,  PhUadelphia. 

Lehigh  Univ.,  Bethlehem,  Pa. 

916  Pine  Street,  Philadelphia. 

4036  Baring  St.,  Philadelphia. 

1437  Walnut  St,  Philadelphia. 

1036  Drexel  Building,  PhiU. 

^  S.  4th  St.,  Philadelphia. 

50  Library  PL,  Princeton,  N.  J. 

;26p  Broad  Str^t  Station,  Phila 

328  Chestnut  Street,  Phila. 

University  of  Penna  ,  Phila. 

1620  Locust  St ,  PhUadelphia. 

1620  Locust  St.,  PhiladelphU. 

British  Museum,  London,  Eng- 
land. 

73  York  Sq.,  New  Haven,  Conn. 

Trinity  College,  Cambridge, 
England. 

Leipzig,  Germany. 

Westlnghouse  Elec.  and  Mfg. 
Co.,  Allegheny,  Pa. 

1701  Walnut  St.,  PhiladelphU. 

Navy   Department.   Washing- 
ton, D.  C. 


1904.  Yarnall.  ^llis       April    16,  18S0,    420  Walnut  St.,  Phi^^elphla. 

1T59.  Young,  Charles  Augustus,  Prof.    April    17,1874,    16  ProspeotAv.,  Princeton,  N.J 


PROCEEDINGS 


OP   THE 


AMERICAN  PHILOSOPHICAL  SOCIETY 

HELD  AT  PHILADELPHIA 

FOR 

PROMOTING  USEFUL  KNOWLEDGE. 


VOL.  XT.T, 

JANUARY  TO  DECEMBER. 

1902. 


PHILADELPHIA  : 

THE  AMERICAN  PHILOSOPHICAL  SOCIETY. 

1902. 


PKOCKEDIXGS 

OF  THK 

AMERICAX    rillLOSOrinCAL    SOCIETY 

HELD  AT  rillLAI)tLI*lll\  FOR  PROMOTING  [mi  KNOffUOCL 

Vot..  XI.I.  .Iam  \I!\- -Aimml.  UMI2.  Xo.  \i',<*. 


(•«>NTENTS. 

Sf.^fnl  Mofi,n/,J.tn'.:,n/-: '^ 

Ki-^nh- iihtriimil  tVoiii  :i  SiMirli  \\*r  tlii-  T\  |»«.*  '>['  X«»ri:i:i  Liiiii  ,  atitl 
('••iH'liiHiniis  Ji»«  l«i  Types  «»r  II  in«hinTi:i?i  ii«MtuI«l  <M-ii«r:i  npn-- 
^•'IiIimI  ill    ihf    Norili    AuHMi«';m    Kmiiim.       IJy   A.    IiAIh  i  ii  n; 

<iit»»Ti: 1 

A  Moili-ni   l>rl:i\\:(r«- T.iN*.     \*\  .1.  I)^^^:^^Y   I'imnm-: '.mi 

StiitftI  Mr ( (//,'/, ././/,  •///•//;:        31 

<fiff>ff  .]f,f/in;,\   r,fn".nf,-    ' :\'i 

>V"/.// .lA, /;,.;;. /•;'„•».././/    ; :r» 

».//.'/ .iA..'//,v.  .v./;-.'.  ;     :m; 

.sv.//.  J  .1/. ,  /;„.,,.   T/.,/ .  A  . ; :;r, 

'/•  'r/-.f/  .1/.  I /.••.■.  .1,..-,'    .,1/    •• :m 

TIm-     K!r:!ir\  iil.ij;.    «•;'  i;-  s    I'i--:.-'.!.     li  ■■ '.vi'iiirn     -■  |»J- Jii!:iiii:ili- 

* '«'l|»hi«uy       'V..I    |."  :•     ■    .       !'.••.     r.: 'A  j\    •.      r.'NM  !  * 11 

■|*iii-  >iMrni:i:. ...,'•■  .'    .      «»  ■  '!•!!:...   .•.•:!:    I  -p*-.  ;.;•    l.'i  1.-! 

«IH"   1«.  Ml'     II-.-.--  ..■•!.      *   '.     •  ■  :-:        •%■:!•    :     -.  ■  r,\     M. 

i.'»i  i-i.  \ ;.  ri..:  -  :: 


'I'liv     .\'- 


PBOCEEDINGS 

OP  THE 

AMERICAN    PHILOSOPHICAL    SOCIETY 

HELD  AT  PHILADELPHIA  FOB  PROMOTING  USEFUL  KNOWLEDGE. 


Vol.  XLI.  January,  1902.  No.  168. 


Stated  Meeting,  January  5,  1902. 

Curator  Lyman  in  the  Chair. 

Present,  6  members. 

Prof.  Dana  C.  Munro,  a  newly  elected  member,  was  pre- 
sented to  the  Chair,  and  took  his  seat  in  the  Society. 

The  list  of  donations  to  the  Library  was  laid  on  the  table 
and  thanks  were  ordered  for  them. 

The  decease  of  Mr.  Clarence  King,  at  Phosnix,  Ariz.,  on 
December  24,  1901,  aged  60  years,  was  announced. 

Prof.  A.  Radcliffe  Grote  presented  a  paper  entitled  *  *  Re- 
sults Obtained  from  a  Search  for  the  Type  of  Noctua  Linn., 
and  Conclusions  as  to  Types  of  Hubnerian  Noctuid  Genera 
Represented  in  the  North  American  Fauna.'' 

Prof.  J.  Dyneley  Prince  presented  a  paper  entitled  **  A 
Modem  Delaware  Tale." 

Messrs.  Joseph  Willcox,  Joseph  C.  Fraley  and  Patterson 
Du  Bois,  the  Judges  of  the  annual  election  for  Officers  and 
Councillors,  reported  that  the  same  had  been  held  on  this  day, 
between  the  hours  of  2  and  5  in  the  afternoon,  there  being 
present  sixty  duly  qualified  members,  and  that  the  following- 
named  persons  were  elected,  according  to  the  laws,  regulations 
and  ordinances  oi  the  Society,  to  be  the  officers  for  tbe  ensu- 
ing year : 
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President, 
Isaac  J.  Wistar. 

Vice-  Pres  idents . 
Coleman  Sellers,  Isaac  J.  Wistar,  George  F.  Barker. 

Secretaries. 

I.  Minis  Hays,  Edwin' G.  Conklin,  Arthur  W.  GoodspeeJ, 

Morris  Jastrow,  Jr 

Treasurer, 

Horace  .Tayne. 

Curators, 

Charles  L.  Doolittle,  William  P.  Wilson,   William  B.  Scott. 

Councillors  to  serve  for  three  years, 

George  F.  Edmunds,  James  T.   Mitchell,  Albert  H.  Smyth, 
Jcseph  Wharton. 


RESULTS  OBTAINED  FROM  A  SEARCH  FOR  THE  TYPE 
OF  NOCTUA  LINN.,  AND  CONCLUSIONS  AS  TO  TYPES 
OF  HUEBNERIAN  NOCTUID  GENERA  REPRESENTED 
IN  THE  NORTH  AMERICAN  FAUNA. 

BY   A.   RADCLIFFE   GROTE,   A.M. 

{Read  January  5, 190S.) 

In  view  of  the  j)reparation  of  a  general  Catalogue  of  North 
American  Lepidoptera,  I  have  been  asked  to  give  the  types  of 
Hiibnerian  Noctuid  genera.  It  is  essential  that  systematists  state 
the  type  of  the  generic  title  they  use,  and  their  work  will  be  lasting 
in  proportion  as  its  literary  basis  has  been  proved.  The  scientific 
edifice  will  stand  when  the  bricks  are  sound.  A  catalogue  which 
employs  the  true,  historically  ascertained  generic  types  has  the 
advantage  of  possessing  a  permanent  framework,  even  if  later  on 
the  position  of  the  objects  designated  be  altered.  And  by  using 
correct  names  a  great  advantage  is  secured  to  collectors  and  to  lit- 
erature.    In  my  studies  of  the  North  American  Noctuids  for  the 
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past  forty  years,  I  have  had  occasion  to  investigate  the  subject. 
The  results,  as  to  the  types  of  our  genera,  are  given  by  me  in  1874, 
in  the  Bull,  Buff.  Soc,  N,  Sciences,  and  in  the  two  following  years  in 
the  Buffalo  Check  List;  in  1895  ^^  ^^®  ^^^-  Naturw,  Verein,  Bre- 
men, also  in  the  pages  of  the  Entomologisf  s  Record,  London, 
England,  Vol.  vi,  27  et  seq,;  in  1900  in  the  Can.  Entomologist, 
209 ;  also  in  publications  of  the  Roemer  Museum  and  in  these 
Proceedings. 

In  the  present  paper  I  have  brought  together  the  historical  evi- 
dence as  to  the  types  of  certain  leading  generic  titles,  often,  per- 
haps commonly,  used  in  a  perverted  sense,  or  given  with  a  wrong 
authority.  I  have  also  investigated  the  question  of  the  use  of  Noc- 
tua  as  a  generic  title  in  the  Lepidoptera.  I  could  not  have  attempted 
this  latter  without  the  kind  aid  of  Mr.  Jno.  Hartley  Durrant,  of 
Thetford,  England.  The  type  here  ascertained  is  pronuba.  The 
name  Noctua  is  first  used  by  Klein  in  1753  for  a  genus  of  Mollusca. 
Linn^  introduced  it  then,  in  1758,  into  the  Lepidoptera  in  his  com- 
bined term  Phalaena  Noctua.  Fabricius  follows  with  Noctua  as  a 
generic  term  in  1775,  i776-77>  *^^  claims  the  authorship.  For 
those  who  reject  any  limitation  for  the  application  of  the  law  of 
priority,  its  use  in  1753  will  prevent  its  being  later  employed  in  a 
different  group  of  animals.  It  was  not  used  in  the  Birds  until 
1809  by  Savigny,  a  fact  to  which  Boisduval  drew  attention  in 
1829. 

In  my  late  List  (1895)  of  the  North  American  Noctuids,  I  gave 
the  ascertained  types ;  what  very  few  corrections  have  been  found 
necessary  are  here  made.  The  concluding  portion  of  this  List,  em- 
bracing the  Catocalinae  and  Hypeninae,  is  not  yet  published.  The 
unemployed  terms  in  the  Verzeichniss  of  Hiibner  need  not  be  con- 
sidered in  the  American  Catalogue.  They  may  be  neglected  until 
such  time  when  the  faunae  of  Europe  and  America  be  so  minutely 
compared,  that  subjective  opinion  can  seize  upon  the  smallest  char- 
acter for  generic  differentiation.  As  a  rule,  Hiibner's  genera  in  the 
Verzeichniss  are  of  mixed  contents,  and  I  believe  all  having  present 
application  have  been  noticed  by  me. 

In  conclusion,  I  must  thank  Mr.  Louis  B.  Prout,  of  London, 
England,  and  Mr.  J.  D.  Alfken,  of  Bremen,  for  bibliographical 
assistance. 
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NOCTUA. 

LiNNfe,   Sysf.   Nafura,   ed.    x,   Holmise   (Salvii),   1758,   Phalaena 
Noctua. 

The  "Phalaenae  "  (496  footnote)  are  divided  into  seven  groups, 
of  which  the  **Noctu3e" — antennis  setaceis,  nee  pectinatis — form 
the  second.  Linn6  gives  the  foot-structure  of  tfie  larva  of  his 
"Phalaena  Noctua"  (497  footnote),  so  it  seems  reasonable,  in  a 
selection  of  the  type,  that  this  should  be  sought  among  the  species 
whose  larvae  he  described.  These  are :  Phalaena  Noctua  strix,  fagi, 
bucephala,  humuli,  dominula,  fuliginosa,  iacobaeae,  quadra  (this 
would  be,  however,  excluded  by  Linn^'s  nota  bene),  pacta,  pro- 
nuba,  gamma  (not  a  "possible  type"  from  Linen's  remark — Dur- 
rant  /.  /.),  festucae,  meticulosa,  psi,  chi,  aceris,  umbratica,  exsoleta, 
verbasci,  brassicae,  rumicis,  oxyacanthae,  oleracea,  pisi,  atriplicis, 
praecox,  triplasia,  pyramidea,  typica,  delphinii,  citrago. 

If  we  date  the  commencement  of  our  nomenclature  from  Linnd's 
tenth  edition,  the  type  of  "  Phalaena  Noctua"  should  then  be  one 
of  these.  Geoffroy  makes  no  use  whatever  of  Phalaena  Noctua 
or  of  Noctua,  simply  using  Phalaena  with  unnamed  subdivisions 
(Durrant  /.  /.).  The  earliest  restriction  of  the  species  of  Phalaena 
Noctua  brought  to  my  notice  is:  Poda,  Ins.  Mus.  Grctc^  88-91, 
1 761.  The  species  there  cited  from  Linnd  are:  Noctua  iacobaeae, 
quadra  (not  a  "possible  type,"  vide  ante),  dominula,  pacta  (Poda, 
90:  this  is  not  Linnd's  species,  but  is  nupta  Linnd,  therefore  the 
name  has  no  effect),  pronuba,  gamma  (not  a  "possible  type"),  ex- 
clamationis  (excluded,  since  Linnd  did  not  describe  the  larva), 
?  secalis. 

Of  these  species  iacobaeae  is  made  the  type  of  Hipocrita  Hiibn., 
1806,  dominula  of  Callimorpha  Latr.,  1810,  and  there  would  re- 
main pronuba  as  the  type  of  Noctua ;  exclamationis  being  conge- 
neric with  segetum,  taken  as  type  of  Agrotis  Hiibn.,  1806,  and 
secalis  being  cited  with  a  query.  This  latter  is  the  same  as  didyma 
Esp.,  made  the  type  of  Apamea  Ochs.,  18 16,  through  Duponchel, 
1829.  Before  following  the  subsequent  fate  of  pronuba,  we  will 
examine  Linnd's  own  restriction  of  his  term  Phalaena  Noctua, 
which  has  given  rise  to  the  idea  that  the  type  of  Noctua  falls  within 
the  limits  of  Schrank's  genus  Catocala,  the  type  of  which  I  have 
shown  to  be  fraxini,  through  Hiibner's  restriction  in  the  Ver- 
zeichniss.  This  type  covers  our  modern  use  of  Catocala  Schrank, 
1802,  which  should  in  no  case  be  disturbed.  \ 
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LiNNfe,  Mus,  Ludav.  Ulr.  Regin(t^  Holmiae,  1764. 

In  this  work  Linn6  gives  the  following  species :  Phalaena  Noctua 
strix,  punctigerata,  fulvia,  ornatrix,  heliconia,  rubricoUis  (removed 
now  to  Bombyx,  so  that  this  species  is  excluded),  fraxini,  pellex. 
It  is  probable,  from  this  restriction,  the  idea  has  arisen  (communi- 
cated to  me  in  letters)  that  fraxini  was  the  type  of  Noctua,  because 
rubricollis  and  fraxini  are  the  only  two  of  these  species  included  by 
Linn^  in  the  Fauna  Svecica,  1761,  as  Mr.  Durrant  writes  me. 
Linn^  now,  in  1764,  excludes  rubricollis,  thus  restricting  the  type 
to  fraxini.  But,  since  fraxini  was  not  included  by  Poda  in  1761, 
*^  this  can  be  at  once  disregarded  as  of  no  effect." 

Crotch,  Cist.  Ent,,  i,  61,  1872,  writes: 

Noctua — N.  sponsa  Lamark  (1801).  Cuvier  and  Latreille  (1805) 
concur  in  this,  but  afterward  Latreille  (1810)  selected  N.  pronuba 
as  his  type.  With  this  selection  the.  writer  would  be  here  agreed, 
and  it  remains  to  be  seen  what  has  been  since  done  with  pronuba. 

TRIPHMNA, 
1 81 6.  OcHSENH.,  Schm,  Eur.,  iv,  69. 

Interjecta,  subsequa,  comes  (orbona),  prosequa,  consequa,  lino- 
grisea,  pronuba,  fimbria,  ianthina  (ianthe,  domiduca). 

1816.  HuEBNER,  Verzeichniss,  221. 
Interjecta,  subsequa,  comes,  consequa,  pronuba. 

1829.  DuPONCHEL,  Iltst.  Nat,  Lep,  Noct.^  Tom.  iv,  Pt.  2,  71. 

Gives  pronuba  as  the  type  of  Triphsena.  Therefore  Noctua 
Linn.,  in  the  Lepidoptera,  and  Triphsena  Ochs.  would  be  synony- 
mous, having  same  type.  Mr.  Meyrick  (1895)  ^^  Triphaena  to 
the  exclusion  of  this  type.  And  this  opens  up  the  question  as 
to  the  validity  of  the  genus,  which  the  type-seeker  is  not  called 
upon  to  answer  in  the  first  instance.  If  pronuba^  as  being  type  of 
Noctua,  could  not  be  taken  as  type  of  Triphaena,  then  Mr.  Mey- 
rick's  use  of  the  latter  term  may  be  correct.  This  question  does 
not  seem  necessary  to  answer  for  the  North  American  Catalogue. 

I  now  follow  the  use  of  Noctua  by  authors  subsequent  to  Linn^. 

FABRiaus,  Sy sterna  Entomologict^  Flensburgi  et  Lipsise,  1775. 

In  this  work  122  species  are  enumerated  under  Noctua,  pp.  590- 
•619. 
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Farbicius,  Genera  Insectorum.  ...  Mantissa  specierum^  Chilonii. 

There  is  no  date  on  title-page,  but  the  Preface  is  dated  Kiliae, 
Dec.  26,  1776.  This  work  is  not  given  by  Staudinger  and  Rebel, 
p.  xviii,  but  is  cited  for  viminalis  with  the  date  1777.  Fabricius 
quotes  it,  in  1781,  as  "  Gen.  Ins.  Mant."  It  contains  only  six  spe- 
cies under  Noctua,  but  these  are  all  new  and  constitute  no  restric- 
tion of  those  given  previously.     They  are  as  follows : 

(i)  p.  282,  Noctua  boleti.     This  is  Scardia  boleti,  a  Tineid. 

(2)  p.  282,  Noctua  virescens.  This  appears  to  be  the  earliest 
description  of  the  North  American  Noctuid  Chloridea  virescens 
Westw.  ex  Fab.  and  is  neglected  in  the  Washington  Catalogue, 
1893. 

(3)  p.  283,  Noctua  roboris.  I  cannot  find  this  citation  in  Stand- 
inger  and  Rebel.  Reference  is  made  to  Roesel,  I,  tab.  50,  and  the 
insect  there  depicted  maybe  Dryobota  roboris B.,  Cat.  I, No.  1821. 

(4)  p.  283,  Noctua  monilis.  This  appears  to  be  the  earliest  de- 
scription of  the  North  American  Noctuid  Hypsoropha  monilis 
Habn.  ex  Fab.,  with  a  wrong  locality,  "  Anglia." 

(5)  p.  283,  Noctua  lanceolata.  The  habitat  is  given  as  Germany. 
I  cannot  find  the  citation  in  Staudinger  and  Rebel. 

(6)  p.  284,  Noctua  viminalis.  This  is  Cleoceris  viminalis,  re- 
ferred incorrectly  in  the  Catalogue,  No.  1560,  to  Bombycia.  The 
type  of  Bombycia  Hiibn.,  1806,  is  B.  or. 

Fabricius,  Species  Insectorum^  Hamburgi  et  Kilonii,  II,  1781. 

In  this  work  150  species  are  enumerated  under  Noctua,  pp.  209- 
241.     The  six  of  the  Gen.  Ins.  Mant.  are  included. 

Fabricius,  Mantissa  Insectorum^  Hafniae,  II,  1787. 

In  this  work  309  species  are  enumerated  under  Noctua,  pp.  135- 
184,  and  those  previously  described  appear  to  be  all  carried  for- 
ward. 

In  his  Genera  Insectorum,  iTj6,  Fabricius  cites  **  Phalaena  Linn. 
Geoff."  as  equivalent  to  his  genus  Noctua,  of  which  he  evidently 
considers  himself  the  author.  Fabricius  restricts  Phalaena  (p.  164, 
/.  c)  to  the  Geometrids,  using  the  term  in  a  generic  sense  and 
citing  Linn.  Geoff,  as  authority.  Following  his  own  precedent  he 
should  here  have  applied  Linn^'s  term  Geometra.  Linn^'s  "  Pha- 
laenae,"  1758,  is  evidently  employed  in  a  comprehensive  sense,  cm- 
bracing  all   the  seven  groups:  Bombyces,  Noctuae,  etc.     I  have 
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made  no  search  after  the  type  of  Noctua,  Fabricius.  It  is  evident 
he  took  the  name  from  Linn^,  whether  he  credit  it  to  him  or  not. 

OcH8ENHEiMER,  Sckmetterlinge  Europa's,  Vol.  iv,  1816. 

Ochsenheimer  has  no  genus  Noctua ;  pronuba  is  included  by  him 
in  his  genus  Triphsena,  with  other  yellow-winged  Agrotids,  differ- 
ing in  structure.  On  page  viii,  Ochsenheimer  cites  by  its  full  title 
the  Tentamen  of  Hiibner,  and  says,  literally:  dieses  Blatt  kam 
mir  erst  lange  nach  dem  Abdrucke  des  dritten  Bandes  zu  Gesichte, 
daher  konnte  ich  friiher  nichts  davon  aufnehmen.  Already  in  1876 
I  have  shown  that  Hagen  misquoted  Ochsenheimer  {vide  Buffalo 
Check  List  and  Can,  Ent,)y  who  in  reality  borrowed  generic  names 
and  ideas  from  Hiibner's  Tentamen  and  properly  gives  him  credit. 
Later  writers,  who  are  ^here  so  greatly  indebted  to  their  predeces- 
sors, could  profitably  take  example. 

Ochsenheimer's  groupings  of  the  Noctuids  must  be  considered 
as  expressing  his  idea  of  their  affinities,  because  on  page  ix  he  says 
that  he  only  catalogues  and  describes  what  he  could  compare  in 
nature,  not  relying  upon  descriptions  or  figures,  and  that  his  syste- 
matic list  is  at  the  same  time  the  catalogue  of  his  collection.  He 
gives  no  descriptions  of  his  genera,  any  more  than  Hiibner  in  the 
Tentamen. 

BoiSDUVAL,  Europaorum  Lepidopterorum  Index  Methodicus, 

Dated  on  title-page  1829,  but  the  Preface  is  dated  Sept.  30, 

1828.  The  work  has  priority  over  Duponchel's  volume,  March, 

1829,  or  Curtis,  May,  1829.  "Noctua  mihi,"  p.  63,  contains 
names  of  some  70  species;  Boisduval  cites  "Agrotis  et  Noctua 
Treits."  and  "  Agrotis  et  Graphiphora  Ochs."  as  synonymous. 
The  type  of  Agrotis  Hiibn.,  1806,  segetum,  is  included.  **  Tri- 
phcena  Ochs.  Treitsch.,"  p.  6^^  contains  7  species,  among  them 
pronuba,  designated  by  Duponchel  as  type. 

After  Fabricius,  the  responsibility  for  the  use  of  Noctua  mainly 
rests  with  Boisduval.  I  cannot  find  that  Hiibner  ever  used  the 
term  in  a  generic  sense. 

Boisduval,  Genera  et  Index  Methodicus, 

Dated  on  title-page  and  in  Preface  1840. 

*'  Triphana  Treits.  Boisd."  contains  8  species,  among  them 
Duponchel's  type. 


]0       GROTE — SEARCH  FOR  THE  TYPE  OF  NOOTUA  LINN.        [Jan.  3, 

Opigena  Boisd.,  1840,  monotypic  for  polygona. 

Chersotis  Boisd.,  1840,  with  8  species. 

^^  Noctua  Treits./*  sagittifera  and  18  other  species. 

Spcelotis  Boisd.,  1840,  for  augur  and  22  other  species. 

'*  Agrotis  Ochs.  Tr./*  agricola  and  36  other  species,  including 
exclamaiionis,  designated  by  Duponchel  in  1829  as  the  type  of 
Noctua,  but  erroneously  so,  since  this  is  taken  by  Agrofis,  1806, 
being  congeneric  with  segetum.  It  is  also  excluded  by  Durrant  as 
being  unknown  in  the  larval  stage  to  Linn^. 

Speyer,  in  the  second  edition  of  Dr.  Schenckel's  SchmetierlingS' 
sammUr. 
Undated,  Mainz,  C.  G.  Kunze.  Has  a  genus  "Tryphaena,"  as 
used  by  Ochsenheimer  and  Boisduval,  and  employs  Opigena  for 
polygona.  In  late  editions,  undated,  of  his  popular  book,  "  Schmet- 
terlingskunde,"  Speyer  continues  to  use  Tryphana  (Triphaena)  in 
Hiibner's  sense,  and  includes  pronuba  in  its  second  section.  These 
authors,  therefore,  regarded  Triphena  as  a  distinct  genus  from 
Agrotis.  Since  I  have  not  found  in  the  N.  Am.  Noctuid  fauna  the 
precise  structural  equivalent  of  pronuba^  it  may  not  be  necessary 
for  the  American  Catalogue  to  use  either  Triphana  or  Noctua, 
Agrotis  gilvipennis  GroiCy  referred  by  me  in  1890  to  Triphcsna, 
belongs,  I  believe,  having  no  specimen  at  present,  to  Lampra.  It 
remains  for  the  systematist  to  decide  what  species,  other  than  pro- 
nuba, can  be  taken  as  type  of  Triphcena,  Duponchel's  type,  pro- 
nuba,  can  remain,  if  my  view  that  Noctua  is  untenable  obtains. 

Lederer,  Noctuiden  Europa's^  Wien,  1857. 

Lederer  has  no  genus  Noctua,  the  species  here  regarded  as  typi- 
cal being  referred  to  one  of  the  sections  of  Agrotis.  Lederer 
divides  the  numerous  species  of  Agrotis  primarily  upon  secondary 
sexual  characters,  the  male  genitalia.  Already,  in  1874,  I  had  pro- 
posed to  divide  the  species  into  two  chief  groups — those  species 
which  had  all  the  tibiae  spinose  and  those  in  which  the  mid^N  ^"^ 
hind  tibiae  alone  are  armed  {Bull,  Buf.  S.  M  S.,  1 1).  Subsequently, 
in  the  Canadian  Entomologist^  I  proposed  a  further  addition,  in- 
cluding the  genus  Carneades,  This  classification  of  mine  gives 
three  principal  divisions  for  the  North  American  species: 

Front  smooth,  fore  tibiae  unarmed:  Epilectra,  Lampra  Hiibn. 
Front  smooth,  fore  tibiae  armed :  Triphana  O.,  Agrotis  Yiyj^n, 
Front  tiiberculate,  fore  tibiae  armed :  Carneades  Grotc. 


1902.]         QROTE — SEARCH  FOR  THE  TYPE  OF  NOCTUA  LINN.         11 

Lederer  makes,  I  believe,  some  structural  misstatements.  He 
gives  the  male  antennae  of  linogrisea  as  "  pyramidal  zahnig." 
This  species  is  the  type  and  sole  species  of  EpiUctra,  Its  diagno- 
sis should  read :  Thoracic  vestiture  scaly ;  male  antennae  simply 
brush-like,  nearly  naked  ;  fore  tibiae  unarmed ;  front  smooth.  The 
eyes,  as  in  all  these  structures,  naked.  Lederer  further  gives  agathina 
as  having  the  fore  tibiae  armed  and  triangulum  unarmed,  whereas 
the  reverse  appears  to  be  the  case.  In  depuncta  the  thoracic  vesti- 
ture seems  scaly,  whereas  Lederer  places  it  in  a  section  where  this 
is  hairy.  Neither  EpiUctra  or  TriphcBtia  (Noctua  L.)  need  ap- 
parently affect  the  American  Catalogue.  The  species  referred 
in  the  **  Revision**  to  Noctua  belong  to  Amathes.  Lederer's 
neglect  of  Hiibner  and  his  uncritical  use  of  several  generic  names 
has  increased  the  confusion,  which  is  the  more  to  be  regretted  since 
his  structural  observations  are  usually  so  valuable. 

To  sum  up :  There  seems  no  use  in  disturbing  Duponchel's  type, 
pronuba^  for  Triphaena,  until  it  is  settled  whether  the  term  Noctua 
Linn^  can  be  employed.  I  conclude  that  the  historically  indicated 
type  of  Fhalcena  Noctua  Linn6  is  pronuba^  and  that  the  term 
Noctua  cannot  be  used  in  the  Lepidoptera  because  preoccupied  by 
Klein  in  the  Mollusca  in  1753.  The  earliest  plural  form  I  find, 
^  which  could  be  used,  outside  of  Noctuae,  for  the  family  is  Apatelae 
Hiibner,  1806,  and  the  family  type  would  be  Apatela  aceris.  The 
name  Agrotidae,  H.-S.,  based  on  Agrotes  Hiibn.,  1806,  which 
latter  occurs  on  the  same  page,  is  a  more  appropriate  title  for  the 
whole  group  in  Lederer's  sense.  Lederer  himself  gives  no  scientific 
title  to  the  group.  In  the  present  case,  if  we  exclude  the  term 
Noctua,  there  can  be  no  doubt  that  the  leading  genera  of  the  group 
are :  Apatela,  Agrotis,  Hadena,  Cucullia,  Plusia  and  Catocala. 
Three  of  these  belong  to  Schrank,  1802,  and  three  to  Hiibner, 
1806.  Hubner's  names  have  the  preference  for  a  family  title, 
because  he  employs  also  the  plural  form,  with  the  evident  intention 
of  using  them  for  comprehensive  groups,  an  intention  he  carries 
out  ten  years  later,  in  1816,  in  the  Verzeichniss. 

Taking  the  opposite  conclusion,  that  Noctua  Linn,  is  a  valid 
generic  title,  its  type  being /r^/zw^a,  then  the  question  comes  up :  Is 
pronuba  congeneric  with  Agrotis  segetum  ?  If  so,  then  Agrotis  falls 
htioTt  Noctua  \ATin,  Meigen  (1832)  includes  155  species  under 
Noctua,  with  Hadena,  Orthosia,  etc.,  as  subgenera.  His  subgenus 
Noctua  contains  baja,  candelisequa,  brunnea,  festiva,  rhombsidea, 
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gothica  (!),  C.  nigrum,  triangulum,  fiammatra,  musiva,  plecta, 
punicea.  He  remarks :  der  Riicken  hat  einen  Schopf.  In  the  main 
this  seems  to  be  the  group  intended  by  Prof.  J.  B.  Smith  as  Noctua^ 
but  it  cannot  include  either  pronuba  or  segetum.  Meigen  places 
the  latter  correctly  under  the  subgenus  Agrotis,  but  classifies 
pronuba  under  the  distinct  genus  '*  Tryphaena  **  section  A,  which 
he  characterizes  as  having  the  third  palpal  joint  reduced,  hardly 
noticeable.  It  does  not  seem  as  though  subjective  opinion  would 
ever  rest  content  with  the  reference  oi pronuba  as  congeneric  with 
segetum t  and  therefore  the  question  of  the  genus  Noctua  need  not 
affect  the  North  American  Catalogue. 

At  the  present  time  the  study  of  the  Noctuids  in  America  is 
suffering  under  the  evil  duplication  of  specific  names  and  a  reckless 
disregard  of  the  historically  indicated  types  of  the  generic  titles. 
In  this  connection  may  I  ask  how  Noctua  comes  to  be  applied  to  the 
group  in  Prof.  Smith's  Revision,  except  by  a  kind  of  restriction? 
For  Linnd's  original  Phalaena  Noctua  contains  insects  belonging  to 
several  distinct  families  and  only  by  some  sort  of  literary  precedent 
has  it  come  to  designate  Owlet  Moths  or  Noctuids.  The  same  sort 
of  historical  research,  only  carried  out  with  more  exactness,  reveab 
the  types  I  must  insist  upon  for  certain  genera.  And,  unless  it  can 
be  shown,  in  any  special  instance,  that  I  have  erred  (the  study  has^ 
often  proved  intricate),  it  will  be  clearly  to  the  advantage  of  science 
that  my  results  be  adopted  in  the  new  N.  Am.  Catalogue.  I  now 
give  here  references  I  have  made  and  the  types  which  they  reveal : 

MAMESTRA. 
1816.  OcHSENH.,  Schm.  Eur.y  iv,  76. 

Fisif  splendens,  oleracea,  suasa,  aliena,  abjecta,  chenopodii,  albi- 
colon,  brassicse,  furva,  persicariae. 

18 16.   HuEBNER,  Verz.,  214. 

Pisi,  unaminis,  leucophaea.  Under  this  restriction  pisi  became 
type,  since  Hubner's  two  other  species  are  not  included  originally. 

(March)  1829.     Duponchel,  Hist  Nat.  Lep,  Noct,,  T.  iv,  Pt.  2,  71. 

Designates  brassicae  as  type,  but  this  restriction  of  Mamestra  is 
no  longer  possible  since  Hiibner's  action  in  the  Verzeichniss. 
Hiibner  must  have  taken  this  generic  name  from  Ocasenheimer, 
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1816;  hence  this  part  of  the  Verzeichniss  must  be  of  later  issue, 
probably  1822,  but  at  any  rate  earlier  than  Duponchel. 

1874.  Grote,  BulL  Buff,  S.  N.  Sd.,  12. 

Lists  the  N.  Am.  species  and  takes //>/ as  type.  This  accords  in 
a  general  way  with  the  modern  definition  of  Mamestra:  Hadenoid 
forms  with  hairy  eyes,  the  non-extruded  ovipositor  and  different 
larval  habit  separating  them  from  Hadena  (type  cucubali)  Schrank 
non  Lederer  (=  Dianthcecia  Boisd.).  I  list  the  North  American 
species  of  Dianthcecia,  for  which  name  Hadena  Schrank  must  now 
be  substituted,  and  give  the  characters  in  Rev,  Check  List,  N.  Am. 
Noct.,  1890,  13  (Bremen,  Homeyer  &  Meyer). 

HADENA. 

1802.  Schrank,  Fauna  Boica^  II,  2,  158. 

Refers  to  this  genus  the  species  of  his  families  M.  and  N.  These 
species  are:  typica,  atriplicis,  pisi,  oleracea,  chenopodii,  praecox, 
xanthographa,  piniperda,  deaurata,  referred  to  family  M,  and  meti- 
culosa,  lucipara,  cucubali,  referred  to  family  N.  One  of  these 
twelve  Noctuids  must  then  be  the  type  of  the  name  of  Hadena. 
According  to  modern  views  species  i,  2,  8,  10  and  11  are  mono- 
typic,  3-5  are  Mamestrians,  6-7  Agrotids.  The  contents  are  much 
mixed,  referable  to  nine  genera. 

1 81 6.  OcHSENH.,  Schm,  Eur.f  iv,  70. 

Excludes  all  the  species  of  Schrank's  family  M,  but  includes  all 
of  N,  among  his  29  species  of  Hadena.  The  mixture  is  now  more 
frightful  than  it  was  at  first.  The  three  original  species  of  Hadena — 
meticulosa,  lucipara  and  cucubuli — are,  however,  included,  and  one 
of  these  three  must  now  be  the  type.  It  is  noticeable,  however, 
although  species  with  hairy  and  naked  eyes  are  indifferently  cited, 
that  all  the  species  of  Dianthcecia  are  included  by  Ochsenheimer. 

1816.  HuEBNER,  Verzeichniss f  216. 

This  part  of  the  Verzeichniss  is  of  later  date  than  Ochsenheimer's 
volume.  Hiibner  includes  under  his  genus  Hadena  only  two  of 
Schrank's  original  species,  typica  and  cucubali.  The  first  is  ex- 
cluded by  Ochsenheimer's  first  restriction  in  1816,  and  moreover 
became  the  type  of  Naenia  Stephens  in  1829.  Cucubali  becomes, 
therefore,  the  type  of  the  genus  Hadena,  and  is  to  be  looked  upon 
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as  the  original  "Triibeule."  It  is  unnecessary,  having  found  the 
type,  to  follow  the  fortunes  of  Hadena  further.  It  wa$  used  im- 
properly by  Lederer  for  a  large  genus  of  naked-eyed  species  separ- 
able from  Mamestra  on  this  character. 

1895.  Grote,  Ent  Record^  vi,  78. 

Designates  cucubali  as  type  of  Hadena,  and  states  that  Dian- 
thacia  Boisduval,  will  probably  prove  synonymous. 

XYLENA. 

1806.    HUEBNER,    7>«/.,   I. 

Lythoxylea  (lithoxylea)  sole  species  and  therefore  type. 

181 6.  OcHSENH.,  Schm,  Eur.y  iv,  85. 

Vetusta,  exoleta,  conformis,  lapidea,  rizolitha,  petrificata,  cod- 
spicillaris,  patris,  spinifera,  scolopacina,  rurea,  hepatica,  polyodon, 
lateritia,  lithoxylea,  petroriza,  pulla,  cassinea,  nubeculosa,  pinastri 
(scabriuscula),  rectilinea,  ramosa,  lithoriza,  hyperici,  perspicillaris, 
platyptera,  antyrrhini,  linariae,  opalina,  delphinii.  Ochsenheimer 
quotes  Hubner  and  spells  the  genus  as  he  does,  Xylena.  This  is 
the  worst  of  Ochsenheimer's  mixtures  and,  while  enlarging  Hiib- 
ner's  genus,  the  beginning  of  all  subsequent  confusion  in  applying 
this  generic  title.  This  abuse  is  still  being  perpetuated,  although  I 
gave  again  the  type  in  1876.  Later  writers  than  Ochsenheimer 
take  out  the  Lithophanoid  forms  (Fam.  A  in  part,  petrificata,  etc.), 
and  use  for  them  a  genus  '*Xylina  Ochs.  or  Tr.,**  whereas  Ochsen- 
heimer has  no  generic  term  so  spelled.  They  then  reject  the  Hade- 
noid  forms  (Fam.  B  in  part),  which  include  Hiibner's  type  lithoxy, 
lea,  instead  of  the  reverse.  Hubner  himself,  in  the  Verteichmss- 
refers  lithoxylea  to  the  same  group  as  petrificata,  and  the  truth 
seems  to  be  that,  perhaps  up  to  Stephens,  the  generic  types  I  now 
give  to  Xylena  and  Lithophane  were  thought  congeneric  or  nearly 
allied.  The  genus  Xylophasia  Stephens  is  a  synonym  of  Xylena 
Hubner,  having  the  same  type. 

(1828)  1829.  BoiSD.,  Eur.  Lep.  Ind,  Meth,,  86. 

Cites  **Xylina  Tr.  and  Xylena  Ochs.,"  and  suppresses  Ochsen- 
heimer's  reference  to  Hubner  for  the  term. 

(March)  1829.  Duponchel,  Hist.  Nat,  Lep,,  iv,  Pt.  2,  72. 
Gives  vetusta  as  type,  but  this  is  impossible. 
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1876.  Grote,  Buff.  Check  List  Noct,  37. 

Restores  Hiibner's  type  and  spelling,  and  gives  Hadena  (Lederer 
nee  Schrank)  as  identical.  The  type  of  Schrank's  genus  was  not 
then  ascertained. 

I  show,  in  1874,  that  the  modern  genus  "Xylina"  must  be  called 
Lithophane  Hiibn.,  1816,  with  the  type  socia  (petrificata) — a  far 
more  appropriate  name. 

The  American  species  referred  to  Hadena,  Lederer  nee  Schrank, 
should  be  catalogued  under  the  following  genera :  Xylena  Hiibn. 
(=Xylophasia  Steph.),  type  lithoxylea;  Helioscota  Grote,  type 
miselioides;  Oligia  Hiibn.  (nee  Grote,  Smith),  type  strigilis; 
Pseudanarta  Grote,  type  flava  (crocea) ;  Monodes  Guen.  (=  Oli- 
gia Auct.  nee  Hiibn.),  type  nucieolor  (paginata).  A  very  good 
notice  of  the  species  of  Monodes  will  be  found  in  Entotn,  Am.y 
Vol.  V,  p.  145,  under  the  name  Oligia.  It  may  be  sdd  of  all 
these  genera,  what  is  there  said  of  Monodes,  that  they  are  not 
"strongly  characterized."  They  have  in  common  naked  eyes,  un- 
armed tibiae,  smooth  elypeus  and  hadeniform  cut  of  wing.  Xylena 
may  have  a  strong  character  in  the  thoracic  shield  of  the  larva. 
The  species  belonging  to  these  genera  vary  from  being  robust,  hairy 
and  tufted  down  to  slighter,  scaly  and  smoother  forms.  To  Xylena 
belong  species  like  lignicolor,  auranticolor,  genialis,  cristata,  vul- 
garis, verbascoides,  cuculliiformis,  hulsti,  vultuosa,  sputatrix  (I  do 
not  acknowledge  this  to  be  Walker's  dubitans),  devastatrix, 
occidens,  arctica,  violacea,  Bridghami,  apamiformis,  lateritia,  suf- 
fusea,  remissa ;  to  Helioscota :  miselioides,  marina,  chlorostigma, 
mactata,  modica,  diversicolor.  From  want  of  space  and  material 
I  do  not  carry  these  references  further  here. 

APAMEA. 

I  proposed  at  one  time  to  take  Ochsenheimer's  nictitans  as 
type  of  Apamea,  it  is  his  first  species  ;  this  nictitans  is  not  the  Gor- 
tyna  nictitans  L.  of  Lederer,  but  is  nictitans  Esp.,  a  variety  of 
secalis  L.=  didymaEsp.=:oculea  Guen.  {Cat,  Staud,  and  Rebels  p. 
175).  My  reference  was  correct,  for  this  species  had  become  type 
of  Apamea  through  Duponchel  in  1829.  The  similarity  of  the 
name  led  me,  however,  to  mistake  Ochsenheimer's  species  for  nicti- 
tans Bkh.  (given  by  Lederer  as  of  Linn^)  =chrysographa  Hiibn. 
{Cat,  Staud.  and  Rebel,  p.  186),  which  latter  is  the  type  of  Hydrce- 
cia  Guen.,  as  shown  by  me  in  these  pages  and  elsewhere.     It  is 
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probable  we  have  N.  Am.  species  congeneric  with  didyma  (secalis 
L.),  but  at  this  writing  I  cannot  indicate  them.  Lederer's  restric- 
tion of  Apamea  to  testacea,  which  I  followed  in  1895,  should  not 
be  accepted ;  this  is  the  true  type  of  Luperina  Boisd.  (see  Grote, 
Can.  EnLf  1900,  211).  Boisduval,  in  1829,  refers  both  nictitans 
(chrysographa)  and  nictitans  (didyma)  to  Apamea. 

PSEUDANARTA. 
187S.  Grote,  Bull.  U.  S.  GeoL  Surv.y  178. 
Crocea  (flava),  sole  species  given  and  therefore  type. 

1882.  Grote,  New  Check  Listy  New  York,  27. 

Flava,  var.  crocea,  singula,  flavidens,  aurea.  The  name,  without 
citation,  is  credited  to  Hy.  Edwards,  under  the  mistaken  idea, 
flerived  from  correspondence,  this  author  had  used  it.  Pseudanarta 
was  originally  proposed  by  Grote  in  letters  to  Hy,  Edwards  for  this 
author's  Anarta  crocea, 

1889.  J.  B.  Smith,  Ent,  Am,,  v,  175. 

Falcata,  aurea,  flava  (crocea),  singula,  flavidens.  The  genus  is 
credited  to  Hy.  Edwards  and  the  citation:  **  Proc.  Gal.  Ac.  Sci., 
Vol.  6,  p.  133,  1875,'*  is  supplied.  But  this  page  contains  the 
original  description  of  Anarta  crocea,  and  the  name  Pseudanarta 
does  not  occur  in  any  of  the  communications  of  Hy.  Edwards  to 
the  California  Academy :  **  Pacific  Coast  Lepidoptera,  Nos.  i  to 
22,**  all  published.  This  erroneous  citation  is  twice  repeated  in 
the  Washington  Catalogue,  148,  1893. 

1895.  Grote,  Abh,  Naturw,  Ver,  Bremen,  xiv,  37. 

Flava,  var.  crocea,  singula,  flavidens.  The  genus  is  limited  to 
these  three  species ;  falcata  and  aurea  are  excluded,  owing  to  Prof. 
J.  B.  Smith's  remark  on  their  tibial  structure  in  1893. 

COPANARTA. 

1895.  Grote,  Abh,  Naturw,  Ver,  Bremen,  xiv,  70. 

Aurea,  falcata,  aterrima ;  aurea  specified  as  type. 

PLUSIA. 
1806.  Huebner,  Tent,,  2, 

Chrysitis,  sole  species  and  therefore  type.  This  name  is  errone- 
ously given  to  Ochsenheimer,  who  however  cites  Hiibner's  Tenta- 
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men  and  includes  his  type.  Lederer  in  1857  cites  Plusia  Fabr., 
but  I  can  find  no  such  genus  in  Fabricius  and  the  name  should  be 
restored  to  Hiibner.  Chrysoptera  Latr.,  1825,  is  said  to  be  preoc. 
cupied.  It  is  used  by  Meigen  in  1832  for  concha,  deaurata  and 
moneta  alone. 

The  names  and  types  of  the  subgenera  of  Plusia  are  given  by  me 
in  these  Proceedings,  417  (1895).  Typical  N.  Am.  species  of 
Plusia  are  :  derea,  dereoides,  balluca,  metallica  (lenzi,  scapularis). 

GRAPHIPHORA. 
1806.  HuEBNER,  Tent,y  i. 
Gothica,  sole  species  and  therefore  type. 

18 16.  OcHSENH.,  Schm,  Eur.^  iv,  68. 

Ravida  and  sixteen  other  species  belonging  to  Agrotis  in  sensu 
Lederer,  excluding  Hubner's  type,  though  taking  the  name  from 
Tentamen.  The  confusion  now  commences  in  European  literature. 
The  genus  is  used  for  Agrotidians,  with  which  gothica  was  origin- 
ally held  as  allied,  until  the  type  is  made  also  the  type  of  Taenio- 
campa,  Guen^e,  which  must  fall. 

1 816.  HuEBNER,  VerzeichnisSy  220. 

Has  no  genus,  but  a  Stirps  Graphiphorae,  which  comprises 
numerous  genera,  mostly  of  Agrotidians,  among  them  Epi- 
sema,  which  he  takes  from  Ochsenheimer,  including  gothica. 
No  examination  had  been  made  then  of  the  structure  of 
the  eyes  and  legs;  pattern  and  size  seemed  at  that  time 
to  warrant  the  juxtaposition  of  Tseniocampids  and  Agrotidians 
(still  difficult  to  separate,  ^.  ^. ,  Pachnobia  and  Metalepsis).  But 
the  original  sense  of  Graphiphora  must  be  restored.  Boisduval,  in 
1829,  refers  **  Graphiphora  Ochs."  as  a  synonym  of  Noctua  and 
Agrotis,  and  includes  its  type  gothica  (/.  r.,  67)  as  structurally 
identical.  This  proves  the  accuracy  of  the  statement  given  above 
as  to  the  views  prevalent  at  the  beginning  of  the  last  century. 

1875-76.  Grote,  Buffalo  Check  List ^  13,  37. 

Gives  the  North  American  species,  referred  to  Taeniocampa,  to 
Graphiphora,  and  designates  gothica  as  type.  Repeats  this  in  1895, 
Entom,  Record^  29,  and  last  Check  List,  Abh,  Brem,  Nat.  Ver,, 
xiv,  and  now  "finally"  insists. 
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XANTHI.V 

1806.  HuEBNER,  Tentamen,  i. 

Fulvago  (puleacea),  sole  species  and  therefore  type. 

1816.  OcHSENHEiMER,  Schm.  Eur.y  iv,  82. 

Luteago  and  sixteen  other  species.  Cites  Hiibner,  but  includes 
his  type  under  Cosmia.  The  similar  endings  of  the  names  of 
the  yellow  autumnal  species,  in  ago,  may  have  helped  to 
increase  the  confusion  in  their  application  which  prevails  in  early 
European  literature.  Hiibner's  erroneous  use  of  "fulvago"  may 
have  led  to  his  generic  title  being  misapplied.  Species  of  Citria 
and  Orthosia  are  constantly  referred  in  America  to  Xanthia,  which 
term  should  be  kept  in  the  North  American  Catalogue  for  paleacea 
alone,  specimens  of  which  I  described  under  the  name  of  infumata, 
not  knowing  the  European  species,  now  believed  to  be  identical 
with  our  own.  Enargia  Hiibn.  Verz.  has  paleacea  also  for^type 
and  falls  before  Xanthia. 

COSMIA. 
1806.  HuEBNER,  Tentameny  i. 
Affinis,  sole  species  and  therefore  type. 

18 16.  OcHSENH.,  Schm,  Eur.y  iv,  84. 

Fulvago  (W.  V.  Hubner  =  paleacea),  gilvago,  abluta,  trapezina, 
diffinis,  affinis  and  pyralina.  Cites  Hilbner's  Tentamen  and  in- 
cludes his  type  of  Cosmia.  The  genus  should  be  restored  to  Hiib- 
ner, but  has  no  place  in  our  American  Catalogues.  Ochsenheimer 
corrects  Hubner's  erroneous  application  of  '*  fulvago." 

AMPHIPYRA. 

1 816.  OcHSENH.,  Schm,  Eur.y  70. 

Tragopoginis,  tetra,  livida,  cinnamomea,  pyramidea,  perflua, 
spectrum. 

1829.  BoiSD.,  Eur.  Lep.  Index  Meth  ,  68. 

Uses  it  for  the  same  species.  The  first  six  species  belonged  since 
1806  to  Pyrophyla  (r.  Pyrophila),  and  the  type  of  Amphipyra  is 
spectrum.  The  genus  is  not  represented  in  America.  Our  species 
belong  to  Pyrophyla  Hiibn.,  1806,  type  pyramidea. 
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ACONTIA. 

1816.  OcHSENH.,  Schm,  Eur.  J  iv,  91. 
Malvae,  aprica,  caloris,  titania,  Solaris,  luctuosa. 

1 81 6.  HuEBNER,  VerzeichnisSy  257. 
Malvse,  sole  species  and  henceforth  the  type. 

1895.  Grote,  Entom.  Record^  79. 

Designates  malvae  as  type  through  Hiibner's  restriction.  Phis 
part  of  Hiibner's  Verzeiehniss  is  of  later  issue  than  Ochsenheimer's 
volume,  from  which  Hubner  takes  such  genera  as  Acronicta^  Ma- 
tnestray  Triphana^  etc.  The  genus  Acontia  should  not  bejused  by 
the  American  Catalogue,  as  it  is  confined  to  Europe.  Our  species 
belong  to  Tarache, 

TARACHE. 

181 6.  HuEBNER,  Verzeiehniss y  261. 
Caloris  (caffraria),  Solaris,  insolatrix  (ined.),  aprica,  opalina. 

1874.  Grote,  Bull  B.  S.  N.  5.,  36. 
Designates  aprica  as  type. 

ERASTRIA. 

1806.  HuEBNER,  Tentamefty  2. 

Amataria,  sole  species  and  therefore  type.  This  is  a  genus  of 
Geometrids  and  the  name  is  erroneously  applied  by  Ochsenheimer 
to  a  genus  of  Noctuids.  Its  use  should  be  avoided  by  every  careful 
and  unprejudiced  person  in  the  Noctuids  for  this  very  good  reason. 

EUSTROTIA. 

181 6.  HuEBMER,  Verzeiehniss,  253. 

Unca,  sole  species  and  therefore  type.  The  North  American 
Noctuids  referred  to  Erastria  belong  to  this  genus,  which  is  used  in 
the  Catalogue  of  1874,  Bull.  Buff,  S,  N.  5.,  37,  and  subsequently. 
The  change  back  to  Erastria  in  the  Washington  Catalogue  is  inex- 
cusable. 

EUCLIDIA. 

1806.  HuEBNER,  Tentameny  2. 
Glyphica,  sole  species  and  therefore  type. 
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1816.   OCHSENHEIMER,  Schm.  Eur,,  iv,  96. 

Monogramraa,  glyphica,  triquetra,  mi.  Cites  Hiibner's  Tenia- 
men  for  name  and  includes  his  type.  Ochsenheimer  gives  no  gen- 
eric description,  and  yet  he  is  constantly  cited  as  author.  Hiibner's 
property  should  be  restored  to  him. 

LITOGNATIIA. 

1873.  Grote,  BulL  Buff,  Soc,  N,  S.,  85. 
Nubilifascia,  sole  species  and  therefore  type. 

1895.  Grote,  Proc.  Am,  Phil,  Soc.y  429. 

Nubilifascia,  cribruraalis.  This  generic  name  is  referred  in  the 
Washington  Catalogue  to  Hormisa  Walker,  but  Walker's  original 
specimen  over  this  label  we  saw  in  1867,  and  it  was  a  specimen  of 
Epizeuxis  semula.  This  determination  is  supported  by  the  text  of 
Walker's  description  of  the  genus  Hormisa,  which  agrees  with  Epi- 
zeuxis and  absolutely  contradicts  Litognatha.  Litognatha  should 
be  restored. 

ZANCLOGNATHA. 

1857.  Lederer,  Nod,  Eur,f  211. 

Tarsi plumalis,  tarsicrinalis  and  others. 
1895.  Grote,  Froc.  Am.  PhiL  Soc,  424. 

Tarsiplumalis,  tarsipennalis  and  others.  Tarsiplumalis  may  be 
taken  as  type,  as  stated  in  Buffalo  Bulletin,  1874. 

Roemer  Museum,  November,  1901. 


A  MODERN  DELAWARE  TALE. 

BY  J.    DYNELEY   PRINCE,    PH.D. 

{Utad  January  S,  1902.) 

The  chief  differences  between  the  two  ancient  dialects  of  the 
Lenape,  viz.,  the  Unami-Unalachtigo  and  the  Minsi,  have  been 
pointed  out  by  the  late  Dr.  Bnnton  {The  Lendpe  and  their  Legends, 
pp.  9 iff.).  Both  these  varieties  of  Delaware  speech  are  still  in  use 
in  a  modern  form — the  Unami-Unalachtigo  by  the  descendants  of 
the  Delawares  who  now  occupy  lands  in  Indian  Territory,  in  the 
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Muskogee  Agency  of  the  Cherokee  Nation,  and  the  Minsi  by  about 
three  hundred  Indians  in  Ontario,  Canada,  viz.,  one  hundred  at 
Munceytown,  one  hundred  at  Moraviantown,  the  seat  of  a  Moravian 
mission,  and  the  same  number  at  Hagersville,  on  the  Six  Nations' 
(Iroquois)  Reserve.  There  are  also  a  few  Minsis  at  New  Westfield, 
near  Ottawa,  Kansas,  most  of  whom  are  tinder  the  charge  of  the 
Moravian  Church.* 

The  following  witchcraft  story  in  the  modern  Minsi  was  sent  to 
me,  with  other  MS.  material,  by  Mr.  Nelles  Montour,  Chief  of  the 
Minsis  at  Hagersville,  Ont.,  a  well-educated  Indian  who  writes  his 
own  language  with  great  clearness.  Like  all  Indian  scribes,  how- 
ever. Chief  Montour  writes  syllabically,  separating  the  syllables  of 
his  texts  and  not  the  words,  a  process  which  makes  a  correct  edition 
of  his  MSS.  extremely  difficult.  For  example,  in  the  following  tale 
in  II.  ^  Montour  wrote  keerh  keeth  qta,  as  three  distinct  syllables. 
This  resolves  itself  under  analysis  into  keerhkee  tKq'ta  '  by  the  fire.' 
His  translation  also  is  in  many  instances  so  free  as  rather  to 
obscure  the  true  meaning  of  the  original.  Thus,  in  IV.  •,  he 
renders  chee  quack  Uetahhawa  dulwihkawawh  '  I  am  a  greater  man 
than  he.'  The  correct  translation  is  undoubtedly'  *  Do  not  think 
about  it ;  I  will  overcome  him.*  Then,  too,  the  not  always  uniform, 
cumbrous  English  system  of  spelling  followed  by  Montour,  in  com- 
mon with  those  of  his  tribe  who  are  members  of  the  Church  of  Eng- 
land, makes  an  accurate  analysis  of  his  texts  doubly  trying.  The 
English  values  of  the  consonants  probably  do  not  reproduce  the 
Indian  sounds  with  great  exactness,  as  may  be  seen  from  Montour's 
constant  use  of  the  spelling  quack  '  what,'  which  clearly  should  be 
written  queq  (see  below  on  III,  •*),  as  well  as  from  his  consistent 
omission  of  the  n  prefix  of  the  first  person  before^  and  before  the 
intercalary  -</-,  as  in  gutauch^  I.  • ;  dilnoom^  III.  ?,  etc.  The  Mora- 
vian Minsis  still  use  the  much  more  appropriate  German  system  of 
phonetics. 

The  analysis  of  the  following  tale  has  been  made  chiefly  by 
means  of  the  Old  Delaware  materials  left  by  the  German  Moravian 
missionaries  of  the  eighteenth  century,  tabulated  in  a  convenient 
form  by  Dr.  Brinton  in  his  Lendpe- English  Dictionary:^    In  cases 

1  These  details  were  furnished  by  Chief  Nelles  Montour,  of  Hagersville,  Ont, 
and  by  Mr.  Dew  M.  Wisdom,  formerly  Indian  Agent  at  Muskogee,  I.  T. 

*  A  Lendpe- English  Dictionary,  by  Daniel  J.  Brinton,  A.M.,  M.D.,  and  Rev. 
Albeit  Seqoqkind  Anthony,  Philadelphia,  i888.  The  material  is  drawn  from  a 
MS.  dictionary  preserved  in  the  Moravian  archives  at  Bethlehem,  Pa. 
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where  the  Minsi  deviates  greatly  from  the  mixed  UnamiUnalach" 
tigo  dialect,  in  which  the  missionaries  wrote,  I  have  had  recourse  to 
the  vocabularies  of  the  cognate  Abenaki  and  Ojibwe  languages,* 
which  have  given  fairly  satisfactory  aid  in  every  instance  save  one 
(in  V.  ^).  The  chief  phonetic  variation  between  Montour's  dialect 
and  the  language  of  the  Moravian  missionaries  is  the  appearance  of 
th  (soft,  as  in  *this*)  in  Minsi  as  representing  s  in  Unami-Una- 
lachtigo;  cp.  wsheetha  for  O.  D.  w'schiessa  'his  uncle,'  the  end- 
ing -multhoo  for  O.  D.  -mallsin,  etc.  Brinton  asserts  {DicL^  p.  vi) 
that  this  s  in  O.  D.  was  due  to  the  fact  that  the  Germans  were 
unable  to  distinguish  the  soft  M,  which  they  accordingly  represented 
by  s.  Thus  Anthony,  Brin ton's  native  authority,  states  (Did.,  p. 
115)  that  the  common  word  for  *  boy  *  in  his  language  is  skahenso, 
which  appears  in  Montour's  text  in  the  form  thkuhinthoowh,  IV. ', 
representing  the  actual  pronunciation.  Furthermore,  in  the  letter 
from  Chief  Gottlieb  Tobias  (Z^«.  Legends,  p.  88)  we  find  the  form 
lichsoagan  '  language,'  which  Montour  would  write  leerhihoawawgun. 
In  other  words,  those  Indians  who  read  the  language  according  to 
the  German  system  lisp  the  s. 

In  the  following  modern  Minsi  text  these  important  points  with 
regard  to  the  pronunciation  should  be  noted  :  i.  Medial  and  final 
h  is  never  an  aspirate,  but  merely  a  pause.  2.  The  combination  ng 
is  pronounced  like  tig  in  *king.'  3.  The  combination  rh  is  a 
deep  guttural  gh.  Actual  r  has  not  existed  in  Lenipe  since  the 
days  of  the  early  Swedish  colony  in  Pennsylvania  and  New  Jersey. 
It  is  now  represented  by  /  as  in  modern  Abenaki  (/  =  ancient  r). 
4.  W  before  another  consonant  is  pronounced,  as  in  Passamaquoddy, 
with  a  short  unclear  vowel  following  it,  similar  to  the  Hebrew 
SKva  mobile.  5.  Wh  is  a  guttural  combination  composed  of  f»  + 
kh.  6.  The  apostrophe  (')  indicates  a  very  short  «.  7.  The 
vowels  are  to  be  pronounced  exactly  as  in  English.^  The  O.  D. 
words  are  written  entirely  according  to  the  German  system.  The 
Abenaki  vowels  are  pronounced  as  in  Italian,  except  the  ^,  which 
has  the  sound  of  the  French  nasal  on.  The  sign  *  indicates  a  soft 
guttural  voice-stop  similar  to  the  Arabic  medial  He.     The  vowels 

'  The  Abenaki  material  is  drawn  from  a  dictionary  of  the  modem  dialect  now 
in  course  of  preparation  by  myself,  and  the  Ojibwe  words  are  taken  from  Baraga's 
Dictionary  of  the  Otchipwe  Language^  Circinnati,  1853. 

*  Cp.  Prince,  "  Notes  on  the  Modem  Minsi  Delaware  Dialect,"  Amer,  Journal 
of  PhiloLy  xxi,  pp.  295-302. 
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in  the  Qjibwe  words  have  the  Italian  and  the  consonants  the  Eng- 
lish values. 

The  subject  matter  of  Montour's  tale  is  interesting,  dealing  as  it 
does  with  cannibalism,  a  vice  which  was  unknown  amorg  the  Algon- 
quin tribes,  except  in  the  case  of  wizards.  In  this  particular 
story  it  should  be  noticed  that  the  spirit  Muttantoe  (the  Abenaki 
Madahddo  '  Devil  *)  desires  to  devour  an  aged  man.  This  maybe  a 
survival  of  the  primitive  time  when  it  was  actually  the  custom  to  eat 
the  old  people,  apparently  in  order  to  get  rid  of  them,  as  has  been 
•the  case  until  quite  recently  among  the  Tierra  del  Fuego  tribes.  It 
is  at  least  curious  that  the  Mutiontoe  desires  to  eat  the  elderly 
rather  than  the  young  man,  who  would  be  a  better  subject  for  mere 
•cannibalism.  It  is  also  very  striking  that  the  uncle  becomes  sick 
first  and  thus  incapacitated.  This  would  seem  to  indicate  a 
survival  of  some  archaic  idea,  concealed  here  under  the  veil  of  a 
witchcraft  superstition,  that  the  old  man  was  the  proper  prey  for  the 
man-eater.  This  tale  seems  to  embody  a  different  principle  from 
that  shown  in  the  Passamaquoddy  account  of  two  wizards  who 
retired  to  an  isolated  island  (Grand  Manan)  to  devour  the  body 
of  a  man.'  In  the  latter  instance,  the  cannibalism  was  of  the 
ordinary  sacramental  character,  viz.,  the  cannibals  hoped  to 
absorb  some  of  their  victim's  mental  qualities  by  devouring  his 
flesh.  It  is  not  impossible  that  the  custom  of  eating  grandparents 
and  other  aged  incapable  persons  might  have  had  for  its  basis  a 
similar  sacramental  idea — /.  ^.,  that  the  old  people,  by  entering  the 
bodies  of  their  descendants,  should  live  again  and  at  the  same  time 
impart  to  the  younger  cannibals  some  of  the  nature  of  the  aged 
victims. 

As  literature  in  modern  Delaware  is  so  rare,  I  have  given  a  care- 
ful philological  analysis  of  Montour's  tale,  so  far  as  my  imperfect 
knowledge  of  the  language  has  permitted. 


WiTHKEELNO  WAUK  WSHEETHA. 

I.  *Weekwaum  lawee  kohpe 
weekena  withkeelno  wauk  wshee- 
tha  mahji  kihkweelno  wrhalin 
neepnumo.  ^  Tah  lickee  wshee- 
tha  weenamulthoo,  oonjeemawuh 


A  Youth  and  His  Uncle. 

I.  '  In  a  wigwam  in  the  midst 
of  the  forest  lived  a  youth  and  his 
uncle  of  many  summers.  ^  Once 
upon  a  time  the  old  man  was 
taken  ill  (and)  called  his  nephew 


*  See  Prince,  Prog.  Ambr.  Philos.  Soc,  xxxviii,  pp.  182,  184,  nr.  v. 
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wlunquathitha  aleh-mawmjeenah 
kihkloolaut.  "  Withkeelno  lawa- 
lindum,  leetahah :  **gutauch 
wlutchawha  jeeth.  *  Noolihtoo- 
mich  mihtqueenootee  wauk  kpu- 
heekun  waukitch  nooshwuhtoo- 
nich  uhpecjuhk  nahtau  aleenaw- 
qtheet."  'Waupungeek  andah- 
keshihtootah  mihtqueenootee 
meelaun.  Wsheethaha  wlalin- 
dumoo  wekwulup  laulpuksho. 
'Nulhuh-nuh  wtuhlaun  wsheetha 
ahpeewuyuhpeenang.  '  Waupiin- 
geeka  weenumultheet  ithpeen- 
urhka  aleet  "  klithtuh."  ^  Wti- 
lawul  withkeelno:  **  ah  wan  itch 
pawhji;  cheepeenawqthoo  wauk 
ahkonjauptoona  kweeshulooq- 
kich,  shuqk  chee  weeshulooq- 
koowih  ;  muthkuneetahaul ;  pa- 
woich  andah-laweetpihkahk  an- 
dah- wam-quack-kaweet. ' ' 

II.  *  Nulnuh  peethkahkeek  an- 
dah-mahji  -  keeshmeettheeteetah, 
withkeelno  awuthee  tindawing 
Imutawpoowh,  pah  toon  tah  ni; 
alak  nih  aleetpihkahk.  ^  Weerh- 
kawa  quack  konjwah  wuhkoong; 
ahwan  cheepeenawqthoo  wcherh- 
akahlaun  keerhkee  th*q*ta : 
''"Ugh,"  owh,  "baum  konjah- 
wan  nhukee ;  nraihwa  linno. 
Ktuhaulaw  ksheeth ;  naulaw  ; 
Ugh,  kweeshathee.' '  *  With- 
keelno mutahkawh  weelno,  shuqk 
wun  keemoorh  konjahwan  wee- 
shulooko  nawkawh.  'Nul  rauth- 
kuneetaha  neepahwooh ;  owh  : — 
*'  Mawhah    geesh-keeshajpinah- 


to  say  to  him  his  last  words. 
"The  young  man  grieved  (and) 
thought  thus : — *'  I  will  make 
everything  comfortable  for  my 
uncle.  *  I  will  construct  a  bas- 
ket with  (lit.  and)  a  lid,  and  I 
will  put  in  it  all  kinds  of 
downs."  'On  the  morrow, 
when  he  had  finished  the  basket, 
he  presented  it.  His  uncle  was 
pleased  and  received  it  weeping 
(/.  ^.,  with  gratitude).  '  He  then 
placed  his  uncle  in  the  soft 
downy  bed.  '  On  the  morrow, 
the  sick  man  stretched  out  his 
hand  which  meant  "  attention." 
^  He  told  the  youth  (then)  :— 
"  Some  one  is  coming  at  whose 
terrible  appearance  and  condi- 
tion thou  shalt  be  terrified,  but 
fear  not;  take  courage.  He 
comes  in  the  midnight  hour 
when  all  things  are  sleeping.  * ' 

II.  *•  On  that  same  night,  after 
they  had  eaten,  the  youth  sat  on 
the  opposite  side  of  the  fire, 
awaiting  the  outcome  of  that 
night.  **  Suddenly  there  was 
something  overhead  and  a  cer- 
tain terrible-looking  being 
dropped  down  by  the  fire: 
«"Ugh,"  said  he,  "I  myself 
am  here ;  I  eat  man ;  thou  lov- 
est  thine  uncle ;  I  want  him ; 
Ugh,  thou  fearest  me  ."  *The 
youth  had  fought  with  wild  ani- 
mals (?),  but  this  wizard,  as  he 
must  be,  frightened  him  for  a 
while.  'Then,  summoning  his 
courage,  he  stood  up  on  his  feet 
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wa."  Owh  yohquh: — "  Law- 
peewhich  baum ;  keeshajpina- 
witch.  *  *  '  Nul  ktithpihlaun  aleen- 
qahtang. 


III.  '  Nul  withkeelno  Imutah- 
poowh  lawpeewh  wtilawul  whu- 
kee  yul : — ^  "  Kalahaat  cheepah- 
wan.  Shurhke  kalahnickulooq- 
kich  jeeth.  Quackwichha  dil- 
noom  ?  Dulmitheemich  ahlih- 
wthihkawk,  tauthrha  ahwana- 
wah."  ''Withkeelno  uhloomth- 
oowh,  shuqk  wtilawul  wsheethul: 
— "  Lawpeewhich  baum." 

IV.  'Aloorhwat  quack,  yih 
weekwaum  thkuhinthoowh  pat- 
chihkcheewh  ;  owh  : — "  Taunha 
wtindin  ksheeth?"  ^(Mawsha- 
lindum)  Mawsheelahwahkoo 
almawsheel  warn  wawihtoon  ay- 
lack  wloowheen.  "  Wauk  uhloom- 
thoowh  wauk  lawpeewh  moorh- 
kum  weekwaum  ahwawhlihkoo 
shawa  wninahko  wtil-sheewa- 
lindumooweenawqthowh. .  *Nul 
warn  wtilauch  mookahwaun. 
Wtil  wturhquon  cheepahwan. 
Shawa  wninootumin  wuh  linno 
nunrhat  Muttuntoe.  •  Nul  wtil- 
awul withkeelno  :  "  Chee  quack 
leetahhawa  dulwihkawah.  Ktilil 
yoonich  ktilnumin  wauk  ktilooh- 
moolin  wanjich  ahloowhweekah- 
wut." 


and  said  : — "I  cannot  have  him 
ready."  Again  said  (the  wiz- 
ard) : — **  I  shall  come  here  once 
more ;  let  him  be  ready  "  (then). 
'Then  he  leapt  up  through  the 
smoke-hole. 

III.  'The  youth  sat  down 
again  and  spoke  thus  with  him- 
self :— ^  "  Truly  he  is  awful.  It 
must  be  that  my  uncle  shall 
leave  me.  What  am  I  to  do  ? 
I  will  go  toward  the  setting  sun. 
(Perhaps)  I  may  find  people 
(there)."  ''The  young  man 
(then)  departed,  but  he  said  to 
his  uncle : — "I  shall  come 
again." 

IV.  '  After  journeying  a  little, 
he  came  to  a  wigwam  (where)  a 
small  boy  came  out  (and)  said  : 
— "  How  is  it  with  thine  uncle  ?* ' 
^(The  traveler)  thought  it 
strange  : — "  Can  one  so  odd 
looking  know  all  about  our  con- 
dition ?'  *  *=  And  he  went  on,  and 
again  he  found  a  wigwam  where 
there  was  a  wizard,  who  at  once 
saw  that  he  (the  traveler)  was  in 
trouble;  that  he  looked  sad. 
*Then  the  youth  explained  all 
to  him.  He  described  to  him 
the  terrible  being.  Immediately 
that  man  knew  that  this  was 
Muttontoe  (the  evil  spirit).  •  So 
he  said  to  the  young  man : — 
"  Do  not  think  about  it.  I  will 
overcome  him.  I  will  tell  thee 
what  thou  shalt  do,  and  I  will 
explain  to  thee  how  to  overcome 
him." 
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V.  'Withkeelno  andah-wara- 
loohmoonda  uhloomthoowh.  An- 
dah-nuhpahtah,  wama  wtilauch 
mookuhwaun  wsheethul.  **  Nul 
andah-keeshmeetthihteet,  wtul- 
wachpeen  alningich  keesha-wam- 
cheekhung  neethkak.  •  Wsheeth- 
ul wtuhlaun  nakah  wtupeenang 
wauk  wluqknuhaun  waupah- 
thauni  alpookwuhk  andauch 
pookwuheeng,  warheetawshta 
nakah  wsheethul  wtupeenang. 
""Nul  wtilahmooltheen  wtilkee- 
shich  uhloowhweekwaun.  'Nul 
ninandpeethkahk  lawpee  chee- 
pawaun  lawinda  wcheerhakah- 
laun  :  *'Ugh,dupih,neecheepah- 
waun  konjawan ;  keeshajpe." 
'Nul  andah-tah wining  kpuhee- 
kun,  pajkcheewh  withkeelno 
cheepeenawqthoo  uhj  althith- 
poocheengwat  uhpee.  'Wiyoh 
mawhaul  linnapa  weeshauth- 
00 wh  uhloomihlawh. 

VI.  *  Withkeelno  wauk  wshee- 
thul nulowhwee  ayahpoowhuk. 


V.  •After  the  youth  had  been 
shown  all,  he  departed.  When 
he  returned,  the  young  man  told 
all  to  his  uncle.  **Then  after 
they  had  eaten,  ?  ?  ?  ?  he  swept 
up  all  the  dirt.  "He  put  his 
uncle  in  his  (the  youth's)  bed, 
and  covered  him  with  a  white 
blanket  with  a  peep-hole  in  it, 
and  he  lay  down  on  his  uncle's 
bed.  *Then  he  felt  that  some- 
thing strengthened  him  (with 
power)  to  overcome.  'In  the 
dead  hour  of  night,  the  hideous 
monster  again  dropped  down  in 
the  middle  (of  the  wigwam). 
"  Ugh  I"  (he  said)  "  I  am  here. 
I  am  a  monster.  Be  ready." 
'Then  when  he  opened  the  lid 
(of  the  basket  bed),  the  young 
man,  looking  terrible,  stepped 
out  completely  covered  with 
feathers.  ""That  man-eater  be- 
came frightened  (and)  departed 
(through  the  smoke-hole). 

VI.  •  The  youth  and  his  uncle 
are  (still)  living  (there)  con- 
tentedly. 


Philological  Commentary. 

I.  •  Weekwaum  (A.*  wigwdm)  *  house,  dwelling  '  from  Vitfeek. 
Cp.  Weekena  *they  dwell,  inhabit*  (A.  w'wigino),  of  irY&cYi  week- 
waum is  the  cognate  accus.  : — *  they  inhabit  a  house.'  Note  the 
use  of  the  present  tense  in  narration  to  denote  past  relation.  Lawee 
*  in  the  midst  of*  =0.  D.  lawi  and  A.  nottn  (reduplicated  nano- 
wiwi)  in   the  middle.     See  V.*.     Kohpe  *  forest '  is  undoubtedly 

<  A.  ^  Abenaki ;  O.  D.  stands  for  Old  Delaware,  the  mixed  language  of  the 
missionaries. 

A  J  P.  ->  Amer.  Journal  of  Philology. 
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<:ognate  with  A.  k^piwi  'in  the  woods.'  Withkeelno  'a  young 
man/  composed  of  wiihkee^  A.  uski^  Oj.  tfjA>6/ '  young '  and  linno 
'man.'  See  on  IV.*.  Wauk  *and,'  written  woak  in  O.  D.^ 
Wsheetha  *  his  uncle  '  =  O.  D.  schiess  *  uncle  ' ;  A.  nzdsts  *  my 
mother-in-law's  brother';  Oj.  nijishe  'my  uncle.'  See  I.^ ',  but 
III.  %  wsheethul  with  obviative  -/.  Mahji  *  already '  =  O.  D. 
mehchi  and  A.  majimiwi  * aXways ' ;  cp.  Oj.  aji  'already.*  JCthk- 
weelno  '  old  man,'  from  kihkwee  ;  cp.  O.  D.  kikey  +  Unno  '  man.' 
Wrhalin  '  many ';  cp.  O.  D.  chweii,  Neepnumo  '  summer '  =  O.D. 
nipen  ;  A.  nib  en  ;  Oj.  w^/«. 

I.  ^  Tb^  //V/^^^  =  O.  D.  tah  likhique  '  once  upon  a  time.'  Mon- 
tour had  written  wrongly  tan  lickee  here.  O.  D.  likhique  '  now, 
about  this  time.'  Weenamulthoo  (O.  D.  winamailsin,  A.  akuamaisi) 
'he  feels  sick.'  Oonjeemawuh  'he  calls  him';  cp.  O.  D.  wunt- 
schiman  '  he  summons  him,'  composed  of  wuntshi  '  from  '  and 
V^ma  '  call* ;  so  A.  uwikwimon  '  he  calls  him,*  where  the  last  part 
of  the  stem  is  identical  with  the  Minsi.  Wiunquathitha  '  his 
nephew '=  O.D.  iunk  'nephew.'  Aleh-mawmjeenah-kihkloolaut. 
Aleh  '  in  order  that  *;  mawmjeenah  =  O.  D.  mamischitsch  '  for  the 
last  time  *  (A.  mdmjessald) ;  kihkloolaut  is  a  reduplicated  participle, 
3  p.  anim.  'he  speaks*  from  V klooL  See  Prince,  AJP.,  xxi,  p. 
298,  on  this  stem  and  cp.  A.  kaloldmuk  '  one  speaks.' 

1.* Lawalindum^  cp.  O.  D.  uschuwelendam  'he  is  grieved.' 
Leetahah  'he  thinks'  =  O.  D.  litchen;  A.  alidahomuk  'one 
thinks.'  Gutauch  for  ngutauch  '  I  will  make '  (it),  with  «-  pref.  of 
I  p.  and  'Ch  sign  of  the  future  (A.  -ft).  Wlutchawha  '  so  that  it 
pleases  him.'  The  first  element  is  ze/«/<r- 'good,'  'pleasing'  (A. 
wuli).  Jeeth  '  my  uncle  '  for  njeeth  =  O.  D.  nschiess,  Montour 
always  leaves  off  the  n  prefix  of  the  first  person  before  a  consonant ; 
cp.  below  III.  ' ;  dilnoom  dulmeetheemich, 

\.  ^ Noolihtoomich  'I  will  make  it';  «=  'I*;  i  p.  prefix; 
oolihtoo  '  make ';  m  is  the  sign  of  inanimate ;  ich  =  fut.  ending.  Cp. 
A.  noliionji  '  I  will  make  it.*  Mihtgueenooiee  =^0.  D.  (Zeisberger) 
michtquinotees  (dim.)  '  a  basket,  something  made  of  sticks ';  cp.  A. 
v/mi  *kwtanakwond  '  they  pry  it  open  with  sticks.'  Kpuheekun  = 
O.   D.  kpahikan  'cover,  lid*;    'something  to  shut;'    cp.  O.D. 

T  A.  —  Abenaki ;  O.  D.  stands  for  Old  Delaware,  the  mixed  language  of  the 
missionaries. 

AJP.  —  Amer.  Journal  of  Philology. 
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kpahhi  '  shut  the  door ';  A.  kbaha  imv.  of  kabhomuk  '  one  shuts/ 
The  subst.  ending  -eekun  =  A.  -higan,  as  inpask-higan  *  gun,*  lit.  *  a 
shooter '  (also  Passa.  -kig'n,  as  in  wighig^n  *  book  *).  W^aukitch  = 
wauk  +  itchj  fut.  ending.  Cp.  A.  ta  '  and  '  +  fut.  ending  -ji. 
Nooshumhtoomich  *  I  will  put  it  in,*  with  inan.  -tn  and  fut.  ich. 
This  stem  may  be  cognate  with  Oj.  moshki  *  fill/  as  in  rCmoshkinadon 
'I  fill  it*  (inan.).  Uhpeeyuhk  '  it^Xkitis' \  cp.  Y.'Ahpee  (?). 
Nahtau  probably  means  '  down,'  the  soft  under  feathers  (?).  Ahen- 
awqtheei  '  of  all  sorts  '  is  a  participle  ;  cp.  O.  D.  elinaquot  *  this 
or  that. ' 

I.  •  Waupungeek  *  on  the  morrow  *  =  O.  D.  woapank,  Oj.  wa- 
bang  'to-morrow';  cp.  A.  woban  'daybreak.'  See  I.  ^waupun- 
geeka,  Andah  is  an  inseparable  prefix  =  O.  D.  enda  *  when ' 
(rel.).  It  is  probably  cogn.  with  Oj.  anindi  '  where  ?*  Keshitootah, 
a  parte.  3  p.  *  he  making  it '  (inan.).  Cp.  O.  D.  gischiton  *  he 
makes  it  '3  A.  ngiziion  *  I  make  it.'  Meelaun  '  he  gives  it  to  him '; 
cp.  A.  iv'mildn.  The  ending  -ha  in  wsheethaha  seems  to  be  a  par- 
ticle of  asseverative  force,  as  in  quackwichha^  III.  ^.  Wlalindumoo 
'he  was  pleased  with  it,'  from  wuU  'good'  and  -lindum,  as  in 
lawalindim,  I.  *'.  Wekwulup  '  he  received  it ';  cp.  A.  w^wikwnemen 
'he  took  it.'  The  stem  is  l/w/>^.  The  ending  -up  is  the  sign  of 
the  imperfect ;  A.  -ob  ;  Penob.  -pan,  Laulpuksho  '  he  weeps,'  from 
lep  ;  cp.  O.  D.  Upakgik  '  those  who  weep ';  Upakawagan  '  weeping.' 

I.  'Nulhuh-nuh  '  then  ';  cp.  O.  D.  nail '  at  last.'  The  first  ele- 
ment  nul  here  =  the  resumptive  ««/,  as  in  11. ',  III.  '.  Wtuhlaun 
'  he  puts  him '  is  the  animate,  form  of  the  same  stem  as  O.  D.  hatton 
inan.  Ahpeewuyuhpeenang  '  in  the  feather-bed  ';  see  above  on  I.  *, 
and  cp.  Oj.  apishimon  'a  bed,  anything  to  lie  upon.'  This  word 
seems  to  contain  the  stems  ahpee  '  feather  *  and  uhpee  '  sit,  lie  *;  cp. 
V.  \ 

I. «  Waupungeeka  with  temporal  ending  -a  '  when,'  as  in  A. 
paiodida  'when  they  came.'  See  above  on  I.  •.  Weenumulthetiy 
parte.  3  p.  'he  is  sick';  cp.  I.**.  Ithpeenurhka  '  he  stretches  out  his 
hand  '  ^  O.  D.  schipinachgen,  from  nachk  '  hand.'  The  first  part 
of  the  O.  D.  {orm  schipi  \s  cogn.  with  A.  siba-liljawi  'stretch  out 
thy  hand.'  Aleet '  that  which  is  ';  al=  rel.  particle  +  eet  =  parti- 
ciple 3  p.  of  verb  'to  be';  cp.  A.  alidit.  Klithiuh  'hearken'  = 
O.  D.  gltstam. 

I.  *•  Wtilawul '  he  says  to  him ';  v/  pref.  of  3  p.  +  infixed  /  be- 
fore a  stem  beginning  with  a  vowel  +  il 'sdiy^  +  wul  obviative 
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ending.  Cp.  A.  wdi^lon  *he  tells  him.'  Ahwaniish  'someone' 
with  ihh  fut.  ending.  With  ahwani,  cp.  O.  D.  auwen  '  who  ?*  and 
'  someone ';  also  A.  awani;  Penob.  aweni,  Pawhji  '  he  will 
come.'  Note  that  the  fut.  ending  here  is  -//  as  in  A.  Cp.  O.  D. 
peja^  *he  who  comes'  and  A.  wbaidji  *  he  will  come.'  See 
below  pawoich  the  fut.  participle.  Cheepeenawqthoo  'one  who 
looks  strange,'  from  cheepeen  =  O.  D.  ischipin  'strange'  and 
-awqthoo  'he  appears.*  Ahkonjaupioona  'one  who  is'  (?)  from 
V konj  'exist'  (?).  Kweeshulooqkich  'thou  shalt  fear  it*;  cp. 
O.  D.  wischassin  '  he  is  afraid.*  See  below  on  II.  *  .  Shuqk  '  but ' 
=  O.  D.  schuk.  Chee  weeshulooqkoowih  '  fear  thou  not !'  Chee  = 
neg.  prohibitive  particle,  as  in  IV.  •.  For  weeshul  see  above.  The 
neg.  ending  here  is  -oowih.  Muihkuneeiahaul  '  be  brave.'  The 
stem  muthkun  is  probably  cogn.  with  Oj.  songi-  'brave,'  as  in songi- 
deewin  '  courage.'  The  Minsi  ending  -eetahaul  undoubtedly  con- 
tains the  stem  seen  in  Uetahah  '  he  thinks  *;  cp.  I. ",  IV.  •,  and  see 
on  II.  •.  Pawoich  'he  will  come';  fut.  participle /aze/^/V  +  M. 
See  above  pawhji,  Andah-laweetpihkahk  '  when  it  was  midnight ' 
=  O.  D.  lawitpikat  It  is  a  comb,  of  lawi  '  midst '  and  pihkahk 
'  night ';  cp.  A.  nowiiebakak  '  midnight.*  A ndah- warn  quack- 
kaweet.  Andah  'when  ';  quack  'thing*;  also  'what?*  (cp.  O.  D. 
keco  ?  A.  kagui  /).  It  should  be  written  queq  and  not  quack, 
Kaweet^  ptc.  3  p.  '  it,  he  sleeps ';  cp.  A.  kawi;  Oj.  nin gawingwash 
'  I  fall  into  a  deep  sleep  '  For  this  whole  sentence,  cp.  A. : — tdni 
adoji  mziwi  kagui  kawit  (in  A.  we  usually  find  the  recipr.  form  as 
kawoid*wak  '  they  are  asleep  '). 

II.  ^  Nulnuh;  see  on  I. '.  Pcethkahkeek  'it  was  night ';  cp.  O.  D. 
pisgeu  '  dark  ';  pisgeep  '  it  was  night '  (-^<f^  =  sign  of  the  past)  ; 
cp.  A.  pesgidbakak  'it  is  dark.'  Mahji  •  already ';  see  on  I.  '. 
Keeshmeetthceteeiah  '  they  had  eaten  *;  parte.  3  p.  pi.  Keesh  = 
sign  of  perfect ;  meetthcc  '  eat '  -{-  teet^  ending  of  3  p.  pi.  parte.  ; 
ah  =  temporal  ending  as  in  waupungeeka^  I. «.  In  A.  kizi- 
mitsihidit  'after  they  had  eaten  *;  cp.  O.  D.  mizin  'one  eats '  and 
mizewagan  and  mitsuwagan  '  food  '  (the  last  form  from  Zeisberger). 
Montour  renders  here  freely  'after  the  evening  meal,'  but  this 
would  necessitate  the  use  of  the  word  ulakunipoagan  'supper.' 
Awuthee  'opposite.*  Tindawing,  loc.  'at  the  fire,'  from  iindcy 
'fire.'     Lmuiawpoowh  'he  sat';  cp.  O.  D.  ttmlumachdappin  * h^ 

•  Note  thaty  in  O.  D.  has  the  value  of  consonantal  y. 
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sits  with  his  legs  in  front  of  him  ' — /.  ^.,  on  the  ground.  The  last 
part  of  this  combination  contains  the  same  root  as  that  seen  in 
ahpeewuyuhpeen  (I. ')  *  bed  *  and  A.  abi  '  sit.*  Pahtoon  *  he  waits  *; 
cp.  O.  D.  pehawah,  pehowen  'he  waits.'  Tah  *  how/  the  same 
element  seen  in  taunha,  IV.  *.  Nij  '  that  *  with  fut.  sign.  A/aJk 
'which  is  'i  a/  =  rel.  particle  +  ak  ^  p,  ptc.  ending  inan.  ^ik 
aUet '  that  which  is  ';  cp.  I.  «  and  lawcetpihkahk^  I.  *". 

II.  **  Weerhkawa  'suddenly';  cp.  O.  D.  wiechgawotschi  'unex- 
pectedly.* Quack  konjwah  wuhkoong  '  something  there  was  above.* 
With  wuhkoong  cp.  O.  D.  hokunk,  probably  cogn.  with  A.  agudai 
'above.'  Ahwan,  see  on  I.*";  cheepeenawqthoo^  see  on  I.  \ 
Wcherhakahlaun  *  he  jumps  down  *  =  O.  D.  loaktscheheUen, 
Keerhkee  th' q  ta  'by  the  fire.'  With  keerhkee  cp.  O.  D.  giechgi 
'near,  by*  and  with  th'q'ta  'fire'  cp.  A.  skw€da\  Passa.  skwut ; 
Oj.  ishkote.  This  seems  to  be  a  pure  Minsi  expression.  Tindey  is 
the  Unarai  word  ;  see  II.  *. 

II.  *'  Owh  '  he  said ';  cp.  Oj.  iwa  '  he  says.'  Bcmm  '  here, 
hither  ';  see  also  II.  *.  Is  this  cogn.  with  Oj.  oma  'here  '?  Kon- 
jahwan  *  I  am  ';  parte,  i  p.  sg.  See  below  on  II.  *.  Nhukee^  lit. 
*  my  body  '  =  '  I  myself;  cp.  III. ',  whukee  '  himself.'  In  O.  D. 
hakey  is  'body  ';  cp.  A.  nhaga  'my  body,*  but  it  is  not  used  to 
denote  the  emphatic  pronoun.  In  Oj.,  however,  we  find  niiam 
'myself;  lit.  *  my  body.'  The  A.  pronoun  nia  '  I  *  may  be  cogn. 
with  this.  Nmihwa  'I  eat';  cp.  A.  tCmowo  'I  eat  him.'  In  A. 
mifsi  =^ea.t*  in  general,  as  'a  meal,'  but  mowo  means  rather 
'devour.'  Linno  'man,'  the  same  stem  contained  in  Un&pe  'a 
male  creature';  see  Prince  AJP.,  xxi,  p.  298  n.  1.  Ktuhaulaw 
'  thou  lovest  him  ';  naulaw  (we  expect  rather  ntuhaulaw  /)  'I  want 
him  '•=:  O.  D.  ahoalan  '  love  ';  cp.  Prince,  op.  cit.^  p.  299.  Kwee- 
shaihee  '  thou  fearest  me. '     Note  ending  of  i  p.  -ee. 

II.  *  Mutahkawah  '  he  fought  with  '  =  O.  D.  macJitagen^  perhaps 
cogn.  with  A.  miga^kamuk  'one  fights.'  W^eelno  (?)  'wild 
animals ';  so  Montour,  but  I  cannot  find  the  stem.  Wun  demonstr. 
'that';  cp.  A.  wa,  Keemoorh  'wizard,'  probably  =  O.  D. 
kemochwen  '  one  who  steals  away  something  secretly.'  Konjahwan 
pane.  3  p.  'as  he  was';  see  above  II.  °.  Weeshulooko  'he  scares 
him.'  See  above  on  I.  **,  II.  ^  Nawkawh  =  O.  D.  nakewi  'a 
little  while ';  cp.  A.  h'makaiwi. 

II.  •  Nui  is  used  as  a  resumptive  exactly  like  Passa.  nit,  which 
occurs  so  often  at  the  beginning  of  a  sentence.     It  is  a  demonstra- 
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tive  originally.  Cp.  nulhuhnuh  I.  ',  and  nulnuh  II.  *.  Muthkunee- 
tahah  *  summoning  his  courage.*  See  on  I.  ^,  It  has  the  temporal 
ending  here  -ah^  as  in  waupungeeka  I.  «.  Neepahwoowh  *  he  stood 
erect '  ==  O.  D.  nipachton,  Mawhah  '  not  * ;  cp.  O.  D.  matta 
*  not.*  Geesh  '  I  can  *  for  ngeesh.  Keeshajpinahwa^xih  neg.  end- 
ing 'Wa  (cp.  IV.  •  and  I.  ^)  from  keeshajpin  *  be  ready ';  cp.  O.  D. 
gischhatton  *be  ready/  also  the  form  keeshajpinawitchy  3  p.  imv., 
'  let  him  be  ready.'  A,  has  kizojo  '  he  is  ready. '  Yohquh  '  now  again ' 
=  O.  D.  yucke,  used  as  a  sort  of  resumptive.  Lawpeewhich,  a 
comb,  oi  lawpee  'again*  2Xi^  peewhich  *I  shall  come*  (for  npee- 
which)  ;  cp.  III.  '.     Baum  '  hither ';  see  II.  ^ 

II.  '  Ktithpihlaun  *  he  jumps  up  *;  cp.  wcherhakahlaun  '  he  jumps 
down,*  II.**,  and  uhloomihlawh  *  he  goes  up,*  V.  '.  The  ending 
'ihlawh  seems  to  mean  'jump.*  AUenqahiang  (loc.  -ang)  *  through 
the  smoke-hole.  *  It  is  probably  connected  with  O.  D.  Unquechin 
•look.* 

III.  *" Lmutahpoowhy  see  on  II.  *.  Lawpeewh  'again*  =  O.  D. 
lappi.  See  on  II.  •  laivpeewhich,  Wtiiawui,  see  on  I.  **.  Whukee, 
see  on  II.  ^  Yui,  pi.  o^yun  (inan.)  ;  cp.  A.  yHiii  *  these,*  pi.  of 
y&  'this'  (inan.). 

III.  ^  Kalahaat  '  truly '  is  a  comb,  of  kalah  =  O.  D.  keM/a 
'verily,  yes*;  Penob.  kehela^  and  aat  the  ptc.  of  'to  be.'  The 
literal  translation  is  '  true  it  is.*  A.  kalaaio  *  verily  *  is  an  exact 
equivalent  oi  kalahaat.  Cheepahwan  'one  who  looks  horrible*; 
cp.  O.  D.  tschipiUn  '  it  is  awful.*  See  V.  •.  Shurhke  '  certainly  * 
=  O.  D.  schachachki  '  surely.*  Nickulooqki-ch  'he  will  leave  me,* 
from  Vnickul  =  O.  D.  nukalan  '  forsake  *  +  /-,  ending  of  the  i  p. 
as  in  kweeshathee,  II.  ^  For  jeeth,  see  I.  ".  Quackwichha ; 
quack  with  fut.  ending  +  the  particle  -ha  (see  on  I.  '.).  The  am- 
ending in  quackwich  shows  that  this  word  must  really  be  pro- 
nounced quackw  (so  Anthony  in  Len.  Diet.  ;  queq  under  kolku), 
Dilnoom  '  I  do  it  *  for  ndilnoom  (?).  Dulmeetheemich  '  I  will  go,* 
for  ndul'^  from  aal  (see  Len,  Diet,,  under  V aan  '  go  *).  The  past 
of  this  verb  is  ahloomthoowh  '  he  went,*  III.  %  V.  '.  Ahiih-wthih- 
kawk ;  ahlihy  rel.  particle  as  A.  ali  'where*  +  wthihkawk  w\ih 
loc.  ending  -k  =  O.  D.  wsigau  'sunset.*  Tauthrha  'I  (shall) 
find*  (?).  Ahwanah  'people,'  really  'someone,*  from  ahwan  (see 
on  I.  »>). 

III.  "  Wsheethul  '  his  uncle  *  is  obvialive  with  characteristic 
ending  -«/.     In  I.  •,  ^  and  ',  Montour  has  written  wsheetha  (?). 
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IV.  '  Aloorhwat '  he  traveling/  participle ;  cp.  O.  D.  miss-ochwen 
'he  walks  about.*  Quack  must  mean  'somewhat.'  Yih^  dem. 
pron.,  piobably  'a  certain.'  Thkuhinthoowh  'a  small  boy'  = 
O.  D.  and  Unami  skahenso  (see  Len.  Diet,  p.  115).  Patchih- 
kcheewh  'there  came  forth,*  from  O.  D.  ktschin  'go  out ';  see  on 
V.  K  Taunha  wtindin  =  A.  ioni  wdain  '  how  is  he?*  Ksheeth 
see  IL  \ 

IV.  **  Mawshalindum  and  mawsheelawahkoo  appear  to  be  alterna- 
tive synonyms.  The  first  is  written  in  parentheses  in  Montour's 
MS.  Almawsheel  probably  means  '  that  {al  =  rel.  particle)  one  so 
strange.'  IVam  'all  *;  see  I.  **.  Wawihtoon  'he knows  it'  (inan.); 
cp.  A.  rCwawawinowd  *  I  know  him.*  Aylackwloowheen  '  our  con- 
dition'; aylack  =  O.  D.  e/ek  'as  it  is';  wloawheen  'our  being 
thus.'     I  have  translated  it  in  the  3  p.  for  the  sake  of  the  English. 

IV»  ""  Lawpecwh  '  again  ';  see  on  II.  •  and  III.  *.  Moorhkum 
'  he  found  '  =  O.  D.  mochgamen.  Ahwawhlihkoo  probably  *  there 
was  a  wizard  '  (so  Montour).  Shawa  =  O.  D.  schawl  'at  once  '; 
occurs  also  IV.  *.  Wninahko  '  he  knows  *;  cp.  wninootumin,  IV.  *, 
and  Prince,  op.  ciL,  p.  298.  Wtil'Sheewalindumoo  'he  feels  sad  '; 
wtil'y  pref.  3  p.  (A.  wdelli')\  sheewa  '  sad  '  (O.  D.  schiwamallsin 
*  he  feels  grieved  ');  lindumoo,  the  ending  denoting  a  state  of 
mind  ;  cp.  I.  *',•.  Weenawqthowh  '  he  looks  sad,'  from  ween,  same 
stem  as  in  weenamulthoo,  I.  **,  +  awqthowh  *  he  looks,'  as  in 
cheepeenawqthoo,!.^  \  II.  ^ 

IV.  *  Warn,  see  I.  ^  ;  IV.  ^,  WHlauch  seems  to  be  a  fut.  '  he  will 
tell  him  ';  see  also  in  V. '.  It  is  probably  used  here  vividly. 
Mookuhwaun  appears  to  be  a  synonym  of  withkeelno  *  youth.'  Wtil- 
wturhquon  '  he  describes  to  him,'  from  wHl-,  pref.  3  p.  +  Vwturh 
+  quon,  ending  3  p.  sing,  (see  Prince,  op.  cit.,  p.  298).  Whinootu- 
mm,  3  p.  sing.  inan.  with  def  -in,  as  in  A.  tCwajdnetn  awikhigan 
'  I  have  a  book,'  but  fiwajonemen  awikhigan  'I  have  the  book.' 
Wuh  linno  '  that  man.'  With  wuh,  cp.  A.  wa  '  that.'  Nunrhat  is 
probably  a  participial  formation  as  shown  by  -at,  Muitontoe  must 
be  connected  with  O.  D.  mattonheen  '  he  curses '  and  -to,  the  same 
ending  seen  in  Manitto  'Spirit.'  It  is  clearly  a  cognitive  of  A. 
madahodo  *  evil  spirit.' 

IV.  •  Chee  quack  leeiahhawa  '  don't  think  anything  about  it,'  not 
translated  at  all  by  Montour.  Composed  of  chee,  prohib.  '  dont ' 
(cp.  L  *")  +  quack  'anything'  +  leetahah   'think'  (occurs  also 
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I.  ^).  Note  the  neg.  ending  -wa^  as  in  II.  •.  Dulwihkawawh  (for 
ndul')  '  I  will  overcome  him  ';  cp.  ahloowhweekahwut  *  the  way  to 
overcome  him.'  The  stem  is  seen  in  O.  D.  a/Zem^a/ '  strong, 
mighty.'  Ktilil  '  I  tell  thee ';  cp.  A.  kdi'Ul,  both  from  l/"77. 
Yoonich  =yoon  *  this '  +  '^^  (S^^)  used  here  as  relative  *  what.' 
Ktilnumin  '  thou  shalt  do  it ';  see  III.  ^  Wauk ktiloohmooHn* zxA 
I  will  explain  it  to  thee.'  The  k-  prefix  =  'thee';  the  ending 
^ool  =  I  p.  *  I '  +  the  def.  -in.  See  Prince,  op.  cit.^  p.  299. 
Wanjich  =  O.  D.  wentschi  *  for,  in  order  that  *  with  fut.  -ch, 

V.  '  Andah  warn  loohmoonda  •  when  he  had  shown  him  all '  (not 
translated  correctly  by  Montour);  from  O.  D.  aliohumassin  *he 
shows  it.'  Uhloamthoowh  '  he  departed  ';  also  III.  ^  *;  IV.  \ 
Note  the  lack  of  subjects  here  which  must  be  supplied  by  the  con- 
text. I  have  avoided  this  by  a  passive  periphrasis.  With  nuhpah- 
tah  *  return,'  cp.  O.  D.  apatscJdn. 

V.  ^  Andah  keeshmeetthihteet^  so  in  II.  •.  Wtulwachpeen  alningich 
I  cannot  translate.  Montour's  MS.  is  confused  at  this  point. 
Keesha,  sign  of  perfect,  as  geesh  m  II.  ";  warn  *all';  cheekhung^ 
from  same  stem  as  O.  D.  ischikhammen  'he  sweeps  it.'  Neethkak 
'  dirt '  =r  O.  D.  niskeu.  The  last  part  of  this  stem  -eethk^  O.  D. 
isk  seems  to  be  cogn.  with  Oj.  aj-ishki  '  mud.' 

V.  ^  Nakah  wiupeenang  '  on  his  bed ';  nakah  '  on ';  wtupeenang 
from  ahpee  *  bed '  (cp.  I.  *)  with  pref.  3  p.  a/'  with  infixed  /  before 
a  vowel.  Wluqknuhaun  '  he  covers  him ';  cp.  O  D.  mettach- 
quohemen  '  he  covers  it '  and  Oj.  pada-gwanawa ;  the  common 
stem  evidently  being  V  kwena.  Waupahthauni  =  O.  D.  woapach- 
saney  *  white  blanket.'  Alpookwuhk  andauch pookwuheengf  lit.  '  he 
made  a  hole  there  in  a  hole';  cp.  O.  Y^, pquihilUn,  Andauch  = 
undach,     IVarheetawshta,  probably  '  he  lies  down.' 

V.  *  WHlamooltheen  '  he  feels ';  with  'fnooltheen,  cp.  I.  \  WHl- 
keeshich  'he  will  make  him';  cp.  O.  D.  gisch  'make' — 1.  ^.,  'he 
feels  someone  making  him  (giving  him  power)  to  overcome.' 
Uhlowhweekwaun ;  cp.  IV.  •. 

V.  ^  Nin  andpeethkahkf  see  on  II.  ".  Lawinda  '  in  the  midst '; 
cp.  I.  '.  Dupih  '  I  am  (here) '  from  uhpee  =  O.  D.  achpin  '  be  in 
a  place  *;  A.  obi  *  sit'     Keeshajpe  '  be  ready '  (imv.),  see  on  II.  •. 

V.  ^  Andah4ahwining  *  when  he  opened  '  =  O.  D.  tautuunnum- 
men  '  he  opens  it.'     Kpuheekun^  see  on  I.  '.    Fa^Uheewh  '  there 

PBOC.  AMXB.  PBILO8.  BOO.  ZLI.  168.  0.     PRINTBD  MAT  6»  19Q3. 


34  MINUTES.  [Jan.  17* 

came  forth*;  c^. patchihkcheewh^  IV.  •.     UhJ {}),    Althithpoocheen- 
gwat  uhpee  '  he  is  covered  with  feathers  ';  see  I.  *  uhpeeyuhk. 

V.  «  Jfiyoh,  demonstr.  pron.  Mawhaul  Unnapa  '  he  who  eats 
man ' ;  cp.  n^mihwa  '  I  devour,'  II.  ^  On  hnnapa  from  Unno 
'  man  *  and  -ape  *  a  male '  par  excellence ;  the  race  name  of  the 
Delawares,  see  Prince,  op,  ciL^  295,  n.  1.  Weeshauthocwh^  see  I.  ^ ; 
II.  \     Uhloomihlawh  *  he  jumped  up ';  cp.  ktithpihlaun,  II.  '. 

VI.  •  Nulowhee  '  well,  happily.'  Ayahpoowhuk  '  they  dwell ' 
from  V ahp;  A.  abi  *  sit.' 


Stated  Meeting^  January  17^  1902. 

President  V^htar  in  the  Chair. 

Present,  11  members. 

General  Wistar,  in  taking  the  Chair,  returned  thanks  for  the 
honor  done  him  in  election  to  the  Presidency  of  the  Society, 
and  offered  some  remarks  concerning  the  future  welfare  of 
the  Society. 

The  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

The  decease  of  the  following  members  was  announced  : 

Cornelius  Petrus  Tiele,  Ph.D.,  D.C.L.,  at  Leyden,  on  Jan- 
uary 11,  1902,  aged  71  years. 

Philip  P.  Sharpies,  at  V^est  Chester,  Pa.,  on  January  15, 
1902,  aged  91. 

Prof.  Alpheus  Hyatt,  at  Cambridge,  Mass.,  on  January  15, 
1902,  aged  63. 

The  Standing  Committees  for  the  ensuiilg  year  were 
chosen,  as  follows : 

Finance. — Philip  C.  Garrett,  V^illiam  V.  McKean,  Joel 
Cook. 

Hall, — Joseph  M.  V^ilson,  Harold  Goodwin,  John  Marshall. 

Publication. — Henry  Carey  Baird,  Patterson  DuBois,  Joseph 
Willcox,  Amos  P.  Brown,  William  H.  Fumess,  8d. 

Library. — George  F.  Barker,  Albert  H.  Smyth,  J.  G. 
Rosengarten,  Edwin  G.  CofU^lin,  B.  C.  H.  Brock. 

The  meeting  was  adjourned  by  the  presiding  officer. 
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Stated  Meeting,  February  7,  1902. 

President  Wistar  in  the  Chair. 

Present,  10  members. 

Hon.  James  T.  Mitchell,  on  behalf  of  the  Committee  on 
Historical  Documents,  reported  that  arrangements  had*been 
made  for  the  publication  in  full  of  the  original  journals ^of 
Lewis  and  Clark. 

The  following  were  elected  officers  to  fill  vacancies : 

Vice' President,  Prof.  Samuel  P.  Langley. 

Councilor,  Prof.  Ira  Eemson. 

The  Society  was  adjourned  by  the  President. 


Stated  Meeting,  February  21,  190S. 

Mr.  Benjamin  Smith  Lyman  in  the  Chair. 

Present,  3  members. 

Letters  were  read  from  Prof.  Samuel  P.  Langley,  acknowl- 
edging his  election  to  the  Vice-Presidency,  and  from  Presi- 
dent Ira  Remson  acknowledging  his  election  as  a  Councilor. 
A  communication  was  received  from  the  Congrfes  Interna- 
tional des  Orientalistes  de  Hanoi,  announcing  the  opening  of 
an  International  Exposition,  and  of  a  Congress  of  Orientalists 
in  connection  with  it,  at  Hanoi  in  November  next,  and  ask- 
ing the  Society's  cooperation. 

The  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

The  meeting  was  adjourned  by  the  presiding  member. 
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StaUd  Meeting,  March  7,  1902. 
Presideiit  Wistar  in  the  Ohair. 
Present,  25  members. 

A  letter  was  received  from  the  Committee  formed  to 
arrange  for  the  XIII  International  Congress  of  Orientalists, 
to  be  opened  at  Hamburg,  on  September  4,  1902,  inviting 
this  Society  to  send  a  special  delegate  to  the  Congiess,  and 
on  motion  the  President  was  authorized  to  appoint  a  delegate 
to  represent  the  Society. 

The  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

The  decease  was  announced  at  Philadelphia,  on  Maroh  2, 
of  Francis  W.  Lewis,  M.D.,  aged  76  years. 

The  meeting  was  adjourned  by  the  President. 


StcUed  Meeting,  March  21,  1902. 

President  Wistar  in  the  Chair. 

Present,  9  members. 

A  letter  was  read  from  the  Secretary  of  the  Nobel  Com- 
mittees of  the  Hoyal  Academy  of  Science  at  Stockholm, 
enclosing  the  Code  of  Statutes  of  the  Nobel  Foundation. 


General  Meeting,  April  S,  i  and  6,  190S. 

Present,  115  members. 

April  3. — Morning  Session,  10  A.M. 

President  Wistar  in  the  Chair. 

The  President  delivered  an  Address  of  Welcome. 

The  Seeretarias  presented  a  communication  fiom  the  .Ad- 
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visory  Committee  in  Astronomy  of  the  Carnegie  Institution 
(Prof.  E.  C.  Pickering,  Chairman),  inviting  suggestions 
regarding  investigations  in  astronomy,  which  should  be 
aided  by  the  Carnegie  Institution. 

The  following  papers  were  read : 

**  Origin  of  the  Oligocene  and  Miocene  Deposits  of  the 
Great  Plains,"  by  Prof.  John  B.  Hatcher,  of  Pittsburg. 

**  The  Upper  Cretaceous  and  Lower  Tertiary  Section  of 
Central  Montana,"  by  Prof.  W.  B.  Scott,  for  Mr.  Earl  Doug- 
lass,  of  Princeton. 

**  On  South  American  Mammals,"  by  Prof.  William  B. 
Scott,  of  Princeton. 

**  The  Mammals  of  Pennsylvania  and  New  Jersey,"  by 
Mr.  Samuel  N.  Ehoads,  of  Audubon,  N.  J. 

**  The  Identity  of  the  Whalebone  Whales  of  the  Western 
North  Atlantic,"  by  Dr.  Frederick  W.  True,  of  Washington. 


Aftbrnoon  Session,  2  P.M. 
President  Wistar  in  the  Chair. 

The  following  papers  were  read  : 

**  On  the  Molluscan  Fauna  of  the  Patagonian  Formation," 
by  Prof.  W.  B.  Scott,  for  Dr.  H,  von  Ihering,  of  Sao 
Paulo,  Brazil. 

' '  A  Comparison  between  the  Ancient  and  Eecent  Mollus- 
can Fauna  of  New  England,"  by  Prof.  Edward  S.  Morse,  of 
Salem,  Mass. 

'*  Distribution  of  Fresh- water  Decapods  and  its  bearing 
upon  Ancient  Geography,"  by  Prof.  Arnold  E.  Ortmann, 
Ph.D.,  of  Princeton. 

**  Systematic  Geography,"  by  Prof.  William  Morris  Davis, 
of  Cambiidge,  Mass. 

**  On  Drift  Casks  in  the  Arctic  Ooean,"  by  Mr.  Henry  G. 
Bryant,  of  Philadelphia. 

''  On  the  Magnetic  Properties  of  Niokel,"  by  ICr.  Joseph 
Wharton,  of  Philadelphia, 
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Evening  Session,  8  P.M. 

The  following  papers  were  read : 

**  The  Relation  of  the  American  University  to  Science," 
by  President  Henry  S.  Pritchett,  of  Boston. 

*'  The  Advancement  of  Knowledge  by  the  Aid  of  the 
Carnegie  Institution,"  by  President  Daniel  C.  Oilman,  of 
Baltimore. 

April  4.— Morning  Session,  10  A.M. 
Vice-President  Langley  in  the  Chair. 

The  following  papers  were  read : 

**  Results  of  Observations  with  the  Zenith  Telescope  at 
the  Sayre  Observatory,"  by  Prof.  Charles  L.  Doolittle,  of 
Philadelphia. 

**  On  a  New  Method  of  Transiting  Stars,"  by  Prof. 
Monroe  B.  Snyder,  of  Philadelphia. 

**  On  the  Evolution  of  Martian  Topography,"  by  Mr. 
Percival  Lowell,  of  Flagstaff,  Ariz. 

*'  Historical  Investigation  of  the  Supposed  Changes  in  the 
Color  of  Sirius  since  the  Epoch  of  the  Greeks  and  Eomans," 
by  T.  J.  J.  See,  Ph.D.,  of  Washington. 

**  Eecent  Progress  in  the  Lunar  Theory,"  by  Prof.  Ernest 
W.  Brown,  F.R.S.,  of  Haverford,  Pa. 

**  On  the  Spectra  of  Gases  at  High  Temperature,"  by  Prof. 
John  Trowbridge,  of  Cambridge,  Mass. 

Executive  Session,  12.40  P.M. 
President  Wistar  in  the  Chair. 

Pending  nominations  were  read,  and  the  candidates  for 
memberehip  were  balloted  for,  and  the  Secretaries  reported 
the  election  of  the  following : 

Residents  of  the  United  States — 

John  A.  Brashear,  Sc.D.,  Allegheny,  Pa. 
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Andrew  Carnegie,  LL.D.,  New  York. 

Prof.  William  B.  Clark,  Baltimore. 

Prof.  Hermann  CoUitz,  Ph.D.,  Br3m  Mawr. 

Grove  K.  Gilbert,  Washington. 

President  Arthur  Twining  Hadley,  New  Haven. 

Prof.  George  E.  Hale,  Williams  Bay,  Wis. 

Prof.  Paul  Haupt,  Baltimore. 

Prof.  Albert  Abraham  Michelson,  ScD.  (Cantab),  Chicago. 

C.  Hart  Merriam,  Washington. 

Prof.  Theodore  William  Eichards,  Cambridge,  Mass. 

Prof.  Felix  E.  Schelling,  Ph.D.,  Philadelphia. 

Prof.  Robert  Henry  Thurston,  Ithaca. 

Benjamin  Chew  Tilghman,  Philadelphia. 

Prof.  Robert  S.  Woodward,  New  York. 

Foreign  Residents — 

Antoine- Henri  Becquerel,  Paris,  France. 

Jean-Gaston  Darboux,  Paris,  France. 

Sir  Michael  Foster,  F.R.S.,  D.C.L.,  Cambridge,  Eng. 

Prof.  G.  Johnstone  Stoney,  F.R.S.,  London,  Eng. 

Prof.  Silvanus  P.  Thompson,  P.R.S.,  London,  Eng. 


Aftebnoon  Session,  2  P.M. 
President  Wistar  in  the  Chair. 

The  following  papers  were  read  : 

''Is  Scientific  N'aturalism  Fatalism?  A  one-minute 
paper"  by  Prof.  William  Keith  Brooks,  of  Baltimore. 

"  On  Dichotoma,  a  New  Genus  of  Hydroid  Jelly-Fish,'* 
by  Prof.  William  Keith  Brooks,  of  Baltimore. 

'*  On  Some  Equations  Pertaining  to  the  Propagation  of  Heat 
in  an  Infinite  Medium,"  by  Prof.  A.  Stanley  Mackenzie,  of 
Bryn  Mawr,  Pa. 

**  On  the  Law  of  Magnetic  Hysteresis,"  by  Prof.  M.  I. 
Pupin,  of  New  York. 

**  On  the  Continuity  of  Protoplasm,"  by  Prof.  Henry 
Kraemer,  of  Philadelphia. 
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**Bto  Embryology  of  a  Brachiopod,"  by  Prof.  Edwin 
Qrank  Conklin,  of  Philadelphia. 

**  Belationship  of  the  Gordiacea,"  by  Prof .  Thomas  H. 
Montgtmery,  Jr.,  of  Philadelphia. 

<<  Thl^'  Spermatx>geiiesis  of  Oniscos  Asellua,  limi.,  with 
Especial  Reference  to  the  History  of  the  Chromatin/'  by 
Prof.  E.  G.  Conklin,  for  M.  Louise  Nichols,  Ph.D.,  of  Phila- 
delphia. 

*'  The  International  Catalogue  of  Scientific  literature/' 
by  Cjrrus  Adler,  Ph.D. ,  of  Washington. 


April  6. — Morning  Session,  10  A.M. 
Vice-President  Sellers  in  the  Chair. 

The  following  papers  were  presented : 

"  Experiments  on  Cytolysis,"  by  Prof.  Simon  Flexner,  of 
Philadelphia. 

**  A  Classification  of  Economies,'*  by  Prof.  lindley  Miller 
Keasbey,  of  Bryn  Mawr,  Pa. 

**  On  Osteitis  Deformans,"  by  Prof.  James  C.  Wilson,  of 
Philadelphia. 

*  *  The  Influence  of  Acute  Alcoholic  Intoxication  upon  Cer- 
tain Factors  Involved  in  the  Phenomena  of  Haemotolysis  and 
Bacteriolysis,"  by  Prof.  A.  C.  Abbott,  of  Philadelphia. 

^^  Blindness  from  Congenital  Malformation  of  the  Skull," 
by  Charles  A.  Oliver,  M.D.,  of  Philadelphia. 

**  The  Isthmian  Canals,"  by  Prof.  Lewis  M.  Haupt,  of 
Philadelphia. 

'*  Bace  Elements  in  American  Civilization  (illustrated  by 
German  Examples),"  by  Prof.  M.  D.  Learned,  of  Philadelphia. 
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THE  EMBRYOLOGY  OF  A  BRACHIOPOD, 
TEREBRATULINA  SEPTENTRIONALIS  Couthouy. 

EDWIN  G.   CONKUNy   PH.D. 

(FROM  THE  ZOOLOGICAL  LABORATORY  OF  THE  UNIVERSITY  OF  PENNSYLVANIA.) 

Plates  I-X. 
{R^ui  April  4,  igo2.) 
I.   iMTRODUCnON. 

I.  Hisicrieal, — Although  Brachiopoda  are  chiefly  notable  be- 
cause of  their  great  abundance  in  past  geological  periods^  their 
relationships  to  other  groups  of  animals  are  still  so  obscure  as  to 
make  them  objects  of  great  interest  to  the  general  morphologist. 
At  different  times  and  by  different  investigators  they  have  been 
variously  regarded  as  allied  to  Mollusca,  Polyzoa,  Annelida, 
Chaetognatha  and  Phoronis,  while  others  have  regarded  them  as  a 
distinct  phylum  of  the  animal  kingdom.  Even  at  the  present  time 
there  is  no  uniformly  accepted  view  as  to  their  relationships,  all  of 
the  above  affinities  (excepting  possibly  the  first)  being  maintained 
by  different  authors.  Of  the  two  morphological  methods  of  inves- 
tigating relationships,  viz.,  Comparative  Anatomy  and  Comparative 
Embryology,  the  former  has  been  applied  to  this  group  of  animals 
in  a  number  of  noteworthy  cases.  Not  to  mention  the  large  num- 
ber of  older  and  less  important  works  on  this  group,  the  comprehen- 
sive studies  of  Albany  Hancock  ('58)  and  the  excellent  researches 
of  Lacaze-Duthiers  ('61),  which  are  still  models  of  accuracy,  the 
extended  labors  of  Davidson  ('86-' 88)  and  most  recently  the 
series  of  splendid  contributions  by  Blochmann  ('9a  and  1900)  have 
made  us  as  well  acquainted  with  the  anatomy  of  the  brachiopods  as 
we  are  with  the  anatomy  of  most  other  invertebrates. 

The  case  stands  far  differently  with  the  embryology  of  this 
group.  But  two  writers  have  as  yet  attempted  to  deal  with  the 
entire  embryology  of  a  brachiopod,  and  both  of  these  studies  were 
made  without  the  employment  of  serial  sections  or  modern  micro- 
scopical and  micro-technical  aids. 

Neglecting  the  isolated  observations  of  Fritz  Mfiller  ('60  and  '61) 
of  a  free-swimming  larval  brachiopod,  and  the  more  extended  but 
still  very  fragmentary  observations  of  Lacaze-Duthiers  ('61)  on  the 
development  of  Theddium^  the  credit  of  having  made  the  first 
study  of  the  entire  development  of  a  brachiopod  belongs  to  the 
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American  naturalist,  Prof.  E.  S.  Morse  ('7i-'73).  How  thorough 
and  complete  this  work  was  I  shall  have  occasion  to  remark  in  the 
further  course  of  this  paper ;  but  done  as  it  was  at  a  time  before 
good  microtomes  and  imbedding  means  were  invented,  and  long 
before  serial  sections  were  thought  of,  it  could  not  but  leave  much 
of  the  internal  structure  of  the  embryo  undetermined,  especially  as 
the  eggs  and  embryos  of  the  form  studied  {TerelfratuHna  sep- 
tentrionalis)  are  quite  small  and  opaque.  Nevertheless  Morse's 
work  stands  to-day  as  one  of  the  two  most  important  works  on  the 
embryology  of  the  brachiopods.  The  other  work  referred  to  is  the 
later  but  more  detailed  and  comparative  ''  Observations  on  the 
Development  of  Brachiopods,**  by  the  great  Russian  zodlogist, 
Alexander  Kowalevsky  (1874).  Kowalevsky*s  work,  which  was 
published  in  Russian,  remained  practically  unknown  to  those  not 
acquainted  with  that  tongue  until  1883,  when  Oehlert  and  Deniker 
published  an  excellent  abstract  of  it.  In  this  work  Kowalevsky 
describes  his  observations  on  the  development  of  four  species — 
Argiope  (^Cisteila)  neapolitana,  Thecidium  mediterraneum,  Terebrat 
ula  miner  and  Terebratulina  caputs erpeniis;  only  a  few  observations 
were  made  on  the  development  of  the  two  last-mentioned  species, 
but  his  work  on  Cisteila  and  Thecidium  was  detailed  in  character 
and  nearly  complete  so  far  as  the  stages  of  development  are  con- 
cerned. Although  Kowalevsky  employed  isolated  sections  to  a 
limited  extent  in  his  work  and  also  shows  certain  details  of  internal 
structure  in  many  figures  of  entire  embryos,  yet  his  work  of  neces- 
sity left  many  important  problems  of  structure  unsolved. 

In  1879  Prof.  W.  K.  Brooks  discovered  the  free- swimming  larvse 
of  Lingula  {Glottidid)  pyramidata  and  described  in  detail  the 
structure  and  further  development  of  these  lai-vae  up  to  the  adult 
condition.  This  work,  although  dealing  only  with  the  larval  stages 
and  metamorphosis,  is  still  the  most  complete  extant  on  the  devel- 
opment of  the  Ecardines,  the  most  primitive  group  of  the  brachio- 
pods. With  characteristic  insight  Brooks  has  used  his  many 
important  discoveries  on  the  later  development  of  GlotHdia  in  an 
extremely  valuable  discussion  of  the  systematic  position  of  the 
brachiopods. 

The  small  portion  of  Shipley's  (1883)  paper  on  Argiope  {Cisteila) 
which  treats  of  the  development  of  that  form  adds  little  to  the 
much  more  extensive  work  of  Kowalevsky  on  that  animal.  His 
principal  contribution  consists  in  his  determination  of  the  fact  that 


1802.]  CONKUN — EMBRYOLOGY   OF   A   BRACHIOPOD.  43 

the  so-called  "segments  "  of  the  larva  are  not  true  segments,  as 
Kowalevsky  supposed,  but  are  mere  folds  in  the  body  wall. 

The  papers  by  Beecher  ('91,  '92,  '93)  on  the  development  of 
brachiopods  deal  almost  entirely  with  the  developmental  changes 
which  occur  in  the  shell  and  not  with  the  general  embryology. 
Beecher  has  proposed  a  very  interesting  and  important  classification 
of  the  brachiopods  based  on  the  developmental  characters  of  the 
shell ;  since  however  the  present  work  deals  only  with  the  early 
embryology,  we  need  not  further  consider  Beecher's  work  here. 

2.  Material, — ^For  the  material  which  has  formed  the  basis  of 
this  study  I  desire  at  the  outset  to  express  my  profound  obligations 
to  my  friend  Dr.  Edward  G.  Gardiner,  of  Wood's  HoU,  Mass.  Dr. 
Gardiner  had  collected  the  material  (which  consists  of  about  thirty 
different  stages  in  the  early  embryology  of  Terebraiulina  septentri- 
onaliSf  forming  a  fairly  complete  series  from  the  unsegmented  tgg 
up  to  the  beginning  of  the  metamorphosis)  at  Eastport,  Me.,  during 
the  early  summer  of  1894.  For  various  reasons  he  was  prevented 
from  making  an  immediate  study  of  this  material,  and  when  in  the 
summer  of  1898  in  conversation  with  him  I  expressed  my  desire  to 
study  the  cell  lineage  of  a  brachiopod,  he  graciously  offered  me  the 
material  which  he  had  collected  with  the  request  that  I  should  use 
it  in  any  way  I  might  see  fit.  I  soon  found  that  it  would  be  impos- 
sible to  work  out  the  cell  lineage,  not  only  because  of  a  lack  of 
sufficient  number  of  cleavage  stages,  but  also  and  chiefly  because 
of  the  great  difficulties  which  the  material  itself  offered ;  the  eggs 
were  quite  opaque  and,  except  in  a  few  cases,  it  was  impossible  to 
render  the  nuclei  visible  in  preparations  of  the  entire  egg ;  the 
cleavage  was  almost  entirely  equal  and  I  was  unable  to  find  any 
constant  landmarks  which  might  be  used  in  orientation,  and  finally 
the  cleavage  was  found  to  be  more  or  less  irregular  and  inconstant. 
I  was  compelled  therefore  to  abandon  the  plan  to  study  the  cell 
lineage  of  TerebratuUna  and  the  material  was  laid  aside,  until  a  few 
months  ago  I  found  opportunity  to  again  take  up  this  subject  with 
the  view  of  working  out  the  early  development  of  this  interesting 
animal  in  as  great  detail  as  the  material  would  allow. 

3.  Methods. — ^AU  the  material  was,  I  believe,  preserved  in  Per- 
enyi's  fluid,  and  while  the  general  form  and  size  of  the  embryo 
as  a  whole,  and  also  of  its  constituent  cells  and  nuclei,  has  been 
faithfully  preserved,  every  trace  of  the  cilia,  which  according  to 
Morse  ('71-73)  cover  the  surface  and  line  the  alimentary  tract  and 
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body  cavity,  has  entirely  disappeared.  The  method  of  fixation, 
together  with  the  long  residence  of  the  material  in  alcohol,  ren- 
dered it  difficult  to  stain.  The  picro-haematoxylin,  which  I  have 
used  with  such  good  results  in  other  cases,  was  of  little  value  here, 
and  I  have  found  that  in  the  preparation  of  entire  eggs  or  embryos 
the  most  useful  stain  is  borax  carmine,  while  in  the  preparation  of 
sections  iron  hsematoxylin  has  given  the  best  results.  Both  entire 
preparations  and  serial  sections  were  mounted  in  balsam  and  studied 
and  drawn  under  an  immersion  lens  (Zeiss.  Apochromat.  3  mm., 
Comp.  Occ.  4). 

Perhaps  I  may  be  pardoned  a  word  in  defense  of  the  rather  large 
use  of  surface  views  and  optical  sections  which  I  have  made  in  this 
paper.  This  has  not  been  due  to  the  fact  that  I  have  made  few 
serial  sections,  for  I  have  made  and  studied  serial  sections  of  many 
hundreds  of  embryos,  but  because  with  material  which  is  at  all 
favorable  the  orientation  of  the  embryo  and  the  interrelation  of 
its  various  parts  can  be  more  safely  and  satisfactorily  determined 
from  the  study  of  whole  embryos  than  by  means  of  serial  sections ; 
and  this  is  especially  true  where  it  is  possible  to  use  an  immersion 
lens  in  the  study  of  entire  preparations.  Further,  more  points  of 
structure  can  be  shown  in  a  single  figure  of  this  kind  than  in  dozens 
of  figures  of  serial  sections.  Of  course,  serial  sections  must  always 
be  used  in  connection  with  the  study  of  entire  preparations,  and  in 
the  present  paper  all  the  details  of  internal  structure  which  are 
shown  in  the  surface  views  and  optical  sections  have  been  confirmed 
again  and  again  by  serial  sections.  Any  one  accustomed  to  the 
study  of  both  entire  preparations  and  serial  sections  knows  that  few 
things  are  more  deceptive  than  the  latter  when  not  checked  by  a 
study  of  the  former,  while  the  publication  of  whole  series  of  sec- 
tions contributes  more  to  the  pride  of  the  author  and  the  income 
of  the  illustrator  than  to  the  edification  of  the  reader. 

II.  The  Egg  and  its  Clkavagk. 

Morse  ('71)  has  described  the  method  of  egg  laying,  and  has 
called  attention  to  the  fact  that  the  mature  eggs  are  usually  kidney- 
shaped,  though  they  vary  considerably  in  shape  and  size.  None  of 
the  unsegmented  eggs  which  I  lunre  examined  are  kidney-shaped ; 
they  are  slightly  elliptical,  being  about  160  ai  in  the  longest  diame- 
ter and  144  fi  in  the  shortest.    This  elongation  of  the  egg  in  one 
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axis  is  probably  the  precursor  of  the  first  cleavage  at  right  angles  to 
that  axis.  Morse  ('73)  also  mentions  the  presence  of  a  "  distinct 
granular  membrane,  the  ovishell,  which  is  formed  while  the  eggs 
are  still  in  the  perivisceral  cavity."  I  have  found  this  membrane  in 
all  early  stages  (Figs,  i-io),  though  I  have  not  been  able  to  recog- 
nize it  after  about  the  twenty-cell  stage.  From  the  fact  that  it  lies 
close  to  the  periphery  of  each  cell,  following  all  of  its  individual 
curvatures  (Figs.  2-10),  I  am  convinced  that  it  is  not  a  distinct 
membrane  but  only  a  peripheral  layer  of  clear  protoplasm  (ecto- 
plasmic  layer  of  Harmer).  There  is  no  protoplasmic  area  in  the 
egg  distinct  from  the  yolk,  though  there  is  a  slight  aggregation  of 
protoplasm  around  the  nuclei,  but  the  entire  egg  is  densely  packed 
with  small  yolk  granules  which  render  it  opaque. 

I  have  not  attempted  to  study  the  nuclear  phenomena  of  the 
maturation  and  cleavage  since  the  material  is  very  unfavorable  for 
such  work.  Two  polar  bodies  are  formed,  the  first  of  which  soon  after 
divides  (Figs,  i  and  a).  These  polar  bodies  do  not  remain  attached 
to  the  egg  after  the  sixteen-cell  stage,  and  in  some  eggs  they  appear 
to  pass  into  the  cleavage  cavity,  though  in  such  cases  it  is  difficult 
to  distinguish  between  polar  bodies  and  small  spherules  which  are 
cut  off  from  the  inner  ends  of  the  cleavage  cells,  and  which  contain 
protoplasm  and  yolk  but  no  nuclei  (Figs.  11  and  37).  At  the  stage 
when  the  gastrulation  begins  these  spherules  are  found  in  consider- 
able numbers  in  the  cleavage  cavity  (Fig.  37)  ;  they  disappear  in 
later  stages.  Similar  spherules  have  been  observed  by  Caldwell 
('85)  in  Phoronis.* 

The  first  cleavage  is  meridional  and  divides  the  egg  into  two 
slightly  unequal  blastomeres  (Fig.  2) ;  the  second  cleavage  is  also 
approximately  meridional  and  divides  each  of  the  blastomeres 
equally ;  as  a  result  of  this  cleavage  four  blastomeres  are  formed, 
two  of  which  are  somewhat  smaller  than  the  other  two  (Fig.  4).  A 
polar  furrow  is  present  (Figs.  4  and  7)  which,  taken  in  connection 
with  the  overlapping  of  certain  cells  (Fig.  3),  indicates  that  in 
some  eggs  at  least  the  cleavage  is  of  a  spiral  type.  The  third 
cleavage  is  equatorial  and  leads  to  the  formation  of  eight  blasto- 
meres, all  of  which  are  nearly  equal  in  size  (Figs.  5^  6,  7) ;  in  some 
eggs  the  four  cells  at  the  animal  pole  lie  just  above  those  at  the 
vegetal  pole  (Fig.  6) ;  in  others  they  have  rotated  through  various 

^  Quite  recently  Ideka  (i  901)  has  fully  defcrlbed  these  spherules  in  Phoronis ; 
he  calls  them  /Utsmtc  corpuscles. 
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angles  (Figs.  5  and  7).  In  the  eight-cell  stage  a  considerable 
cleavage  cavity  appears  with  openings  at  the  animal  and  vegetal 
poles  (Figs.  6  and  7). 

The  cleavage  forms  just  described  and  represented  in  Figs.  1-7 
are  among  the  most  regular  ones  observed ;  others  are  irregular  and 
unequal  from  the  first.  One  of  the  most  common  variations  is  pro- 
duced by  very  unequal  divisions,  the  chief  mass  of  the  egg  seeming 
to  bud  off  small  cells,  usually  at  the  animal  pole  (Fig.  8).  Later 
stages  in  which  one  or  two  of  the  blastomeres  are  much  larger  than 
the  others,  and  in  which  the  cleavage  cavity  is  smaller  than  usual, 
are  not  infrequently  found.  Such  eggs  appear  to  give  rise  to  nor- 
mal blastulae,  in  which  all  the  cells  are  of  equal  size,  by  the  more 
rapid  division  of  these  larger  blastomeres. 

The  eight-cell  stage  gives  rise  to  the  sixteen-cell  stage  by  the 
meridional  division  of  each  of  its  blastomeres.  Fig.  7  shows  each 
blastomere  of  the  eight-cell  stage  indented  at  its  periphery,  pre- 
paratory to  this  division,  which  occurs  simultaneously  in  all  of  the 
cells.  The  sixteen  cells  shown  in  Fig.  9  and  in  optical  section  in 
Fig.  10  are  all  of  approximately  the  same  size.  Except  for  the 
occasional  presence  of  the  polar  bodies  at  this  stage  it  would  be 
impossible  to  distinguish  the  animal  from  the  vegetal  pole.  The 
cleavage  cavity  is  now  larger  and  it  no  longer  opens  widely  to  the 
exterior. 

In  subsequent  cleavage  stages  division  does  not  take  place  simul- 
taneously in  all  of  the  cells ;  this  is  shown,  for  example,  by  Fig.  1 1,  in 
which  twenty  cells  are  present,  some  of  which  are  considerably 
larger  than  the  others.  In  the  eggs  represented  in  Fig.  la  about 
forty-eight  cells  are  present  and  some  of  these  are  larger  than 
others,  indicating  that  with  them  division  has  been  delayed.  The 
egg  shown  in  Fig.  12  has  been  flattened  by  the  cover  glass,  so  that 
its  apparent  diameter  is  greater  than  normal ;  at  the  same  time  the 
blastomeres  are  separated  from  one  another  in  an  abnormal  manner. 
At  all  stages  the  blastomeres  are  but  loosely  joined  together  and  they 
break  apart  at  the  slightest  pressure.  In  the  later  development  I 
have  found  many  embryos  which  are  about  one-half  or  one-quarter 
the  size  of  the  normal  embryo,  and  it  seems  likely  that  such 
embryos  have  developed  from  isolated  blastomeres  of  the  two-  or 
four-cell  stage. 

After  this  brief  description  of  the  cleavage,  I  think  it  will  be 
quite  apparent  to  everyone  that  it  would  be  extremely  difficult,  if 
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not  quite  impossiblei  to  work  out  the  cell  lineage  of  Terebratulina^ 
even  with  an  abundance  of  most  favorably  preserved  material. 
With  the  material  at  my  disposal  such  work  was  wholly  out  of  the 
question.  In  the  blastula,  even  at  the  time  when  gastrulation 
begins,  one  is  struck  by  the  great  uniformity  in  size  and  quality  of 
all  the  cells.  I  have  found  it  quite  impossible  to  distinguish  any 
difference  between  the  cells  which  invaginate  and  those  which  do 
not  until  after  the  gastrulation  is  well  advanced. 

III.  Gastrulation  and  Formation  of  Body  Layers 
AND    Cavities. 

Gastrulation  occurs  by  typical  invagination,  and  at  the  time 
when  the  infolding  begins  there  is  no  difference  in  the  cells  at  the 
two  poles  (Figs.  13  and  37).  The  infolding  continues  until  the 
inner  layer  comes  into  contact  with  the  outer  one  and  the  blasto- 
coel  is  entirely  occluded  (Fig.  14  et  seq.).  During  this  process 
there  is  a  decided  change  in  the  character  of  the  cells  of  the  inner 
layer ;  they  become  very  much  shorter  and  henceforth  are  cuboid 
or  rounded  in  shape ;  the  cells  of  the  outer  layer  remain  columnar 
in  shape  and  are  very  long,  so  that  the  ectoderm  is  quite  thick. 
Large  deeply  staining  granules  are  found  at  the  free  ends  of  all  the 
cells,  both  those  which  are  invaginated  and  those  which  are  not, 
and  in  the  invaginated  cells  these  granules  are  so  dense  that  they 
frequently  obscure  the  nuclei  and  cell  boundaries.  In  the  ectoderm 
these  granules  lie  on  the  outer  side  of  the  nuclei  (Fig.  37  et  seq. 
Pg)i  while  the  inner  ends  of  the  cells  are  left  free  from  gran- 
ules and  nuclei  and  hence  are  very  clear.  I  suggest  that  these 
granules  may  be  associated  with  the  cilia,  which  in  life  cover  the 
embryo  and  line  the  enteron  and  coelom  (see  Morse,  '73). 

Almost  as  soon  as  the  inner  layer  comes  into  contact  with  *^he 
outer  one — 1.  ^.,  when  the  infolding  is  complete — the  innermost  por- 
tion of  the  archenteron  becomes  slightly  constricted  from  that 
portion  lying  nearer  the  blastopore.  This  constriction  is  deepest 
anteriorly,  least  marked  posteriorly,  while  it  is  about  equal  on  the 
left  and  right  sides  of  the  archenteron  (Figs.  14,  15,  16,  38).  On 
the  anterior  side  this  constriction  develops  into  a  partition  wall, 
which  grows  downward  and  backward  into  the  archenteron,  shutting 
off  the  enteron  above  from  the  enterocoel  below  (Figs.  16,  20, 
42a  and  43^).     So  far  as  I  am  able  to  determine  this  partition  wall 
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is  always  but  one  cell  thick  (Figs.  40-42),  though  in  the  earlier 
stages  of  its  development  it  represents  a  fold  in  the  wall  of  the 
archenteron  (Figs.  420-42^).  The  backward  growth  of  this  par- 
tition wall  continues  until  the  enteron  is  entirely  separated  from 
the  enterocoel  save  for  a  narrow  slit-like  communication  at  the 
posterior  end  (Figs.  20,  24). 

While  the  enteron  is  thus  being  separated  from  the  enterocoel 
the  blastopore  is  gradually  closing  and  the  whole  embryo  is  becom- 
ing flattened  in  a  dorso-ventral  direction  and  elongated  antero- 
posteriorly.  The  blastopore  is  at  first  a  circular  opening ;  it  then 
becomes  narrowed  from  side  to  side  and  apparently  elongated 
antero-posteriorly  (Figs.  17-21).  The  blastopore  groove  thus 
formed  is  shallow  posteriorly  and  deepest  at  its  anterior  end  where 
it  opens  into  the  enterocoel  and  enteron  (Fig.  17).  This  groove 
continues  to  grow  narrower  and  to  be  filled  up  at  its  posterior  end 
until  it  becomes  a  mere  slit,  opening  by  a  small  pore  near  its 
anterior  end  into  the  enterocoel  (Figs.  21,  22).  Finally  this  pore 
also  closes  (Fig.  24)  and  the  enterocoel  and  enteron  are  completely 
shut  off  from  the  exterior,  though  still  communicating  with  each 
other  by  a  narrow  opening  in  the  region  posterior  to  where  the 
blastopore  closed  (Figs.  24  and  46,  47).  The  blastopore  groove 
persists  for  some  time  after  the  porfe  has  closed  but  ultimately  dis- 
appears, though  a  depression  is  left  at  the  anterior  end  of  this 
groove  which  becomes  a  part  of  the  anterior  mantle  furrow ;  it  is 
probable  that  at  this  very  point  the  oesophageal  invagination  occurs 
at  a  stage  after  the  fixation  of  the  larva  (see  p.  56). 

In  stages  in  which  the  blastopore  is  still  circular  the  enterocoel 
is  but  little  larger  than  the  enteron  (Figs.  14  and  38).  In  looking 
at  an  entire  egg  of  this  stage  from  the  oral  side  one  sees  two  cavi- 
ties of  about  the  same  diameter,  one  above  the  other,  which  com- 
municate with  each  other  by  a  wide  opening ;  the  cavity  nearest 
the  blastopore  is  the  enterocoel,  the  one  nearest  the  aboral  side  the 
enteron.  In  an  older  stage  (Fig.  17)  in  which  the  blastopore  has 
begun  to  narrow  one  still  sees  that  these  two  cavities  are  of  nearly 
the  same  diameter.  As  the  enteron  becomes  separated  from  the 
enterocoel,  however,  the  latter  becomes  much  more  extensive  than 
the  former,  and  an  oral  view  of  an  embryo  at  this  stage  shows  the 
enterocoel  lying  on  the  oral  side  of  the  enteron  and  entirely 
surrounding  it  except  on  the  aboral  side  (Fig.  21,  alio  optical  sec- 
tions. Figs.  19  and  20).    This  rapid  enlargement  of  the  enterocoel 
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is  due  in  large  part  to  the  change  in  shape  of  the  embryo,  which 
becomes  flattened  in  a  dorso-ventral  direction  and  enlarged  in  its 
other  axes.  Associated  with  the  growth  of  the  enterocoel  is  an 
important  change  in  the  character  of  its  bounding  cells ;  at  first 
they  form  a  quite  regular,  cuboid  or  columnar  epithelium  (Figs. 
14-16  and  40-42^),  but  as  the  enterocoel  increases  in  size  the 
epithelium  becomes  less  regular,  particularly  at  the  anterior  end, 
and  here  many  mesenchyme  cells  come  to  lie  in  the  cavity  of  the 
enterocoel  (Figs,  ao,  21,  42^,  43).  Later  such  mesenchyme  cells 
are  found  generally  throughout  most  of  the  coelom.  The  cells 
bounding  the  enteron  remain  cuboid  or  columnar  throughout  the 
development. 

With  the  flattening  of  the  embryo  and  the  closure  of  the  blasto- 
pore, the  ventral  wall  of  the  enteron  is  brought  into  contact  with 
the  ectoderm  at  the  place  where  the  blastopore  closes  (Figs.  24 
and  44-47),  ^^^  consequently  the  enterocoel  is  here  divided  into 
right  and  left  cavities,  which  however  still  communicate  with  each 
other  at  the  anterior  end  and  open  into  the  enteron  posteriorly 
(consult  Figs.  43-47  which  are  transverse  sections  of  an  embryo  of 
the  stage  shown  in  Fig.  24,  Fig.  43  being  the  most  anterior  section 
drawn  and  Fig.  47  the  most  posterior).  Very  soon  after  this  stage 
the  communication  between  the  enteron  and  the  enterocoel  is  com- 
pletely cut  off"  and  the  definitive  coelom  is  thus  formed,  consisting 
of  two  sacs,  still  opening  into  each  other  anteriorly  and  posteriorly 
but  separated  throughout  the  middle  region  of  the  embryo  (consult 
Figs.  48-52  which  are  cross  sections,  in  order  from  the  anterior  to 
the  posterior  region,  of  an  embryo  of  about  the  stage  shown  in 
Fig.  28). 

The  gastrulation  and  formation  of  body  cavities  in  brachiopods 
has  been  observed  heretofore  only  by  Kowalevsky.  A  comparison 
of  the  method  of  gastrulation  and  coelom  formation  in  Terebratu- 
Una  with  Kowalevsky's  observations  on  Cistella  and  other  brachio- 
pods reveals  many  resemblances  and  some  interesting  differences. 
Kowalevsky  found  that  the  gastrula  was  formed  by  invagination  in 
Cistella^  Terebratula  and  probably  Terebraiulina  ;  by  delamination 
or  ingression  in  Thecidium,  In  all  cases,  however,  he  describes 
the  coelom  as  arising  as  two  lateral  pouches  from  the  archenteron  in 
the  same  manner  as  in  Sagitta^  viz.,  by  the  folding  into  the  arch- 
enteron of  two  lateral  partitions.  In  this  way  the  archenteron  is 
divided   into   three  portions,  a  median  one  which   becomes   the 
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enteron  and  two  lateral  ones  which  form  the  coelom.  It  is  diffi- 
cult to  determine  from  Kowalevsky's  figures  from  which  portion 
of  the  archenteron  these  lateral  partitions  arise,  but  there  can  be 
no  doubt  that  they  are  regarded  as  folds  of  the  archenteric  wall 
(see  his  Fig.  6),  nor  that  they  divide  the  archenteron  into  three 
cavities,  the  enteron  and  two  coelom  sacs.  In  both  of  these 
respects  Cistella  is  very  unlike  TerehraiuUna ;  in  the  latter  the 
archenteron  is  first  divided  into  two  cavities  and  not  three  (the 
enterocoel  is  for  a  long  time  unpaired),  and  the  single- partition  wall 
by  which  this  division  is  brought  about  consists  of  a  single  layer  of 
cells  and  not  a  plication  of  the  archenteric  wall  (though  in  its 
earliest  stages  this  partition  wall  probably  represents  such  a  plica- 
tion, Fig.  42a).  The  former  of  these  differences  is  perhaps  not 
so  great  as  would  at  first  thought  appear,  being  principally  due 
to  the  fact  that  in  TerebratuUna  the  enteron  occupies  but  a  small 
part  of  the  archenteron,  and  hence  the  partition  wall  which 
separates  it  from  the  enterocoel  leaves  the  latter  a  large  unpaired 
cavity,  whereas  in  Cistella  the  division  of  the  archenteron  is 
more  nearly  equal  and  when  completed  separates  two  lateral 
enterocoel  pouches  from  the  mediaft.  enteron.  But  one  cannot 
overlook  the  fact  that  according  to  Kowalevsky  two  partition 
walls  are  formed  in  Cistella^  whereas  but  a  single  one  is  found  in 
TerebratuUna.  Moreover  these  partitions  are  lateral  in  position 
according  to  Kowalevsky,  whereas  in  TerebratuUna  the  single  par- 
tition grows  out  from  the  anterior  wall  and  merely  curves  around  on 
to  the  lateral  walls  of  the  archenteron  (Fig.  16).  The  difference 
in  the  structure  of  this  partition  in  Gstella  and  TerebratuUna  is 
also  important ;  in  the  former  it  consists  of  a  double  layer  of  cells, 
in  the  latter  of  a  single  layer ;  in  Cistella  the  wall  of  the  enterocoel 
sacs  lying  next  to  the  enteron  becomes  the  splanchnic  layer  of  the 
mesoblast,  in  TerebratuUna  the  splanchnic  mesoblast  i;i  derived 
from  mesenchyme  cells.  Before  attempting  to  explain  these  im- 
portant differences  between  Cistella  and  TerebratuUna  in  the 
formation  of  the  ca^lom  it  would  be  well  to  know  that  they  actually 
exist,  and  it  seems  highly  desirable  that  the  embryol(^  of  Cistella 
should  be  reinvestigated  with  the  aid  of  modern  histological 
methods. 

The  differences  between  TerebratuUna  and  Sagitia  in  the  mode 
of  forming  the  coelom  are  of  interest  since  they  remove  one  im- 
portant argument  for  the  supposed  relationship  between  Brachio- 
poda  and  Chaetognatha. 
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IV.  Orientation  of  the  Embryo  and  Establishment 
OF  Definitive  Axes. 

It  is  well  known  that  previous  investigators  of  the  embryology  of 
the  brachiopods  have  found  the  proper  orientation  of  the  embryo 
one  of  their  most  perplexing  problems.  The  complete  closure  of 
the  blastopore  at  a  relatively  early  stage  and  before  many  land- 
marks have  appeared  by  which  its  position  relative  to  definitive 
organs  could  be  determined,  as  well  as  the  fact  that  both  the  oral 
and  aboral  sides  of  the  embryo  are  very  similar,  has  been  chiefly 
responsible  for  this  imcertainty  of  orientation.  However  if  one 
studies  carefully  whole  embryos  of  the  critical  stage  when  the  last 
remnant  of  the  blastopore  is  disappearing,  the  proper  orientation  of 
the  embryo  of  a  brachiopod  is  no  more  difficult  than  is  that  of  any 
Other  animal. 

In  the  stage  shown  in  Figs.  23  and  24  the  antero-posterior  axis 
of  the  embryo  is  well  defined,  while  the  remnants  of  the  blastopore 
are  still  present.  The  enlarged  end  of  the  embryo  (to  the  right 
in  Fig.  24)  is  anterior  and  gives  rise  to  the  head,  while  the 
posterior  end  (to  the  left  in  the  figure)  is  narrowed  and  gives  rise 
to  the  peduncle.  The  point  where  the  blastopore  closed  (Fig.  24, 
Br)  lies  near  the  middle  of  the  ventral  side,  while  the  blastopore 
groove  runs  backward  almost  to  the  posterior  end  of  the  embryo. 
Directly  opposite  the  blastopore  is  a  groove  which  runs  transversely 
across  the  dorsal  side  of  the  embryo ;  this  is  the  dorsal  mantle 
groove,  and  the  prominent  ridge  anterior  to  it  is  the  dorsal  mantle 
fold  (Fig.  24,  Md),  If  now  Fig.  24  be  compared  with  Figs.  20 
and  16  it  will  be  seen  that  the  blastopore  occupies  the  ventral-pos- 
terior region  of  the  embryo,  and  that  the  anterior  pole  of  the 
embryo  is  rounded  while  the  posterior  pole  is  pointed,  the  embryo 
being  flattened  on  its  postero-dorsal  side.  The  prominent  ridge 
opposite  the  blastopore  in  Figs.  16  and  20  corresponds  with  the 
dorsal  mantle  fold  in  Fig.  24.  A  comparison  of  these  three 
figures  further  shows  that  the  axis  connecting  the  middle  of  the 
blastopore  with  the  apex  of  the  gastrula  invagination  (e,  f.,  ^  in 
Fig.  14)  is  ultimately  bent  on  itself  through  an  angle  of  more  than 
90^.  It  is  difficult  to  say  whether  this  bending  of  the  gastrula 
axis  is  chiefly  due  to  the  forward  shifting  of  the  blastopore  on  the 
ventral  side  or  to  the  forward  shifting  of  the  apex  of  the  gastrula 
invagination,  since  there  are  no  points  in  the  embryo  which  may  be 
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considered  as  fixed  in  position.  It  is  highly  probable  however  that 
both  movements  occur  and  that  both  the  apical  pole  and  the  blas- 
topore pole  are  shifted  forwards,  while  the  middle  of  the  gastrula 
axis  is  shifted  backwards,  the  gastrula  axis  thus  being  doubled  on 
itself  exactly  as  is  the  case  in  Turbellaria,  Annelida  and  Mollusca. 
Since  the  polar  bodies  have  long  since  disappeared  it  is  impossible 
to  locate  exactly  on  the  embryo  the  point  which  corresponds  to  the 
animal  pole  of  the  egg.  It  is  probable,  however,  that  this  point 
lies  on  the  ectoderm  directly  opposite  the  apex  of  the  gastrula 
invagination,  and  therefore  anterior  to  the  ridge  which  develops 
into  the  dorsal  mantle  fold.  In  the  forward  shifting  of  the  apex  of 
the  gastrula  invagination  it  is  highly  probable  that  this  point  is  also 
shifted  forward  and  continues  to  lie  opposite  the  apex  of  the  enteron. 
^If  this  be  true  the  animal  pole  of  the  tgg  coincides  very  nearly 
with  the  point  where  the  line  from  Ce  in  Figs.  20  and  24  touches 
the  ectoderm. 

The  bending  of  the  gastrula  axis  which  has  just  been  described 
shows  that  Terebratulinay  like  most  bilateral  animals,  belongs  to 
the  group  designated  by  Hatschek  (^ZZ)  Heteraxonia,  and  by 
Goette  ('82)  Hypogastric  forms.  Goette  has  divided  bilateral 
animals  into  two  groups:  (i)  the  pleurogastric,  in  which  the  chief 
axis  of  the  t%%  becomes  the  chief  axis  of  the  larva  or  adult,  as  in 
Sagitta  and  the  echinoderms,  and  (2)  the  hypogastric,  in  which  one 
of  the  "cross  axes"  of  the  ^gg  becomes  the  chief  axis  of  the 
larva  or  adult,  as  in  worms,  mollusks  and  arthropods.  There  can  be 
no  doubt  that  Terebratulina  should  be  classed  among  the  hypogas- 
tric forms,  and  if  it  be  true,  which  however  seems  questionable, 
that  Sagitta  and  the  echinoderms  belong  to  the  pleurogastric  type, 
it  shows  a  very  important  difference  between  the  embryo  of  the 
brachiopod  and  of  the  chaetognath. 

V.  Development  and  Organization  of  the  Larva. 

There  is  of  course  no  natural  hne  of  demarcation  between  the 
embryo  and  the  larva,  but  for  the  sake  of  convenience  we  shall 
designate  those  stages  which  precede  the  closure  of  the  blastopore 
as  embryonic,  while  those  which  extend  from  the  closure  of  the 
blastopore  to  the  end  of  the  free-swimming  life  we  shall  call  lar- 
val stages. 

The  flattening  of  the  embryo  in  the  dorso- ventral  axis  and  its 
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elongation  antero-posteriorly  have  already  been  described.  At  the 
same  time  the  embryo  becomes  wider  at  its  anterior  end  and  nar- 
rower  posteriorly.  The  dorsal  mantle  groove  and  fold  appear  and 
the  fold  extends  over  on  to  the  ventral  side  of  the  larva  as  a  slight 
swelling  on  each  side  of  the  midline  (Figs.  25  and  26).  These 
are  the  halves  of  the  ventral  mantle  fold  and  at  first  they  are  sepa- 
rated in  the  mid-ventral  line  by  the  blastopore  groove  (Fig.  26,  Bf)^ 
while  the  blastopore  remnant  (^Bf)  lies  at  the  anterior  end  of  this 
groove.  Very  soon  after  this  stage  the  halves  of  the  ventral  mantle 
fold  fuse  with  each  other,  thus  obliterating  the  last  trace  of  the 
blastopore  groove,  while  a  deep  notch  on  the  anterior  side  of  the 
ventral  mantle  fold  (Fig.  29,  O)  represents  the  place  at  which  the 
blastopore  remnant  was  last  seen. 

I.  The  Mantle  JPold  is  at  this  stage  a  ring-like  prominence  which 
extends  all  the  way  around  the  larva  (Figs.  29,  30,  31).  This  ring 
passes  obliquely  around  the  larva,  being  nearer  the  anterior  end 
on  the  dorsal  side  and  nearer  the  posterior  on  the  ventral  side 
(Fig.  31).  Two  mantle  furrows  are  now  plainly  distinguishable, 
one  in  front  of  and  the  other  behind  the  mantle  fold.  The  anterior 
furrow  is  deepest,  on  the  ventral  side,  while  the  posterior  one  is 
deepest  on  the  dorsal  side  (Figs.  29-31).  With  the  appearance  of 
the  mantle,  bounded  anteriorly  and  posteriorly  by  these  constric- 
tions, the  mantle  furrows,  three  regions  may  be  recognized  in  the 
larva,  viz.,  the  cephalic  region,  in  front  of  the  anterior  mantle 
furrow,  the  mantle,  between  ^Jie  anterior  and  posterior  furrows, 
and  the  peduncular  region,  behind  the  posterior  mantle  furrow. 

These  constrictions,  which  I  have  called  the  anterior  and  pos- 
terior mantle  furrows,  continue  to  grow  deeper  but  at  no  time  do 
they  form  true  septa  which  divide  the  coelom.  The  regions  which 
they  separate  are  not,  therefore,  segments,  as  Kowalevsky  supposed. 
The  larva  is  at  this,  and  all  other  stages  which  I  have  studied, 
unsegmented,  and  the  appearance  of  segmentation  is  due  merely 
to  the  formation  of  the  mantle  from  the  middle  region  of  the 
body. 

The  mantle  becomes  a  very  prominent  ring  aroimd  the  body,  and 
then  its  free  edge  is  turned  backwards  until  it  surrounds  the  pedun- 
cular regions  on  all  sides  (Figs.  32-36).  A  space  is  left  between 
the  mantle  and  the  peduncle  which  is  the  peduncular  chamber 
(Figs.  34  and  36,  PC),  This  chamber  is  a  little  deeper  and  wider 
on  the  dorsal  than  on  the  ventral  side,  which  is  due  to  the  fact 
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that  the  posterior  mantle  furrow  is  deeper  and  is  farther  forward  on 
the  dorsal  than  on  the  ventral^ side  (Fig.  31,  Fp). 

When  the  mantle  has  reached  the  limit  of  its  backward  growth  it 
entirely  covers  the  pedimcle,  the  extremity  of  which  nearly  fills  the 
circular  opening  of  the  mantle  chamber  (Figs.  34  and  36).  This 
is  the  oldest  stage  which  I  have  had  opportunity  to  study.  Morse 
('71 J  has  observed  in  detail  th6  transformation  of  this  larva  into  the 
adult.  He  figures  a  great  many  stages  showing  the  manner  in 
which  the  mantle  is  turned  forward  over  the  cephalic  region,  its 
free  edge  being  directed  forward  and  its  originally  internal  surface 
becoming  external.  This  happens  after  the  larva  has  become  fixed 
by  the  tip  of  its  peduncle,  and  it  is  evident  from  Morse's  figures 
and  descriptions  that  the  stage  shown  in  my  Figs.  34-36  is  one  of 
the  last  stages  in  the  free-swimming  life. 

2.  The  Cephalic  Region  lies  in  front  of  the  anterior  mantle  fold 
and  is  nearly  hemispherical  in  shape,  being  however  somewhat 
variable  in  form  (consult  Figs.  32-36),  which  is  probably  due  to 
the  fact  that  it  is  extremely  contractile,  as  Morse  has  observed.  At 
its  anterior  end  and  slightly  toward  the  dorsal  side  is  a  shallow 
depression,  the  apical  sense  plate,  which  bears  a  tuft  of  long  cilia 
in  life  (see  Morse).  The  enlarged  end  of  the  enteron  as  well  as  a 
portion  of  the  mesoderm  and  coelom  extend  into  the  cephalic 
region. 

3.  The  Peduncular  Region  is  cylindrical  in  shape  and  is  con- 
tracted near  its  posterior  end.  This  contraction  is  due  to  the  fact 
that  the  coelom  and  mesoderm  terminate  abruptly  some  distance 
in  front  of  the  end  of  the  peduncle  (Figs.  34  and  36),  and  it  is 
certainly  not  to  be  taken  as  constituting  a  fourth  region  of  the 
larva,  as  Shipley  ('82)  suggests  in  the  case  of  CisteUa.  The  endo- 
derm  is  continued  as  a  solid  cord  of  cells  nearly  to  the  end  of  the 
peduncle. 

4.  The  Ectoderm  covering  the  larva  is  unusually  thick,  though 
consisting  of  but  a  single  layer  of  cells ;  these  cells  are  however 
extremely  long.  Their  inner  ends  are  clear  and  fi:ee  fit>m  nuclei 
and  granules,  so  that  on  first  examination  a  clear  zone  seems  to 
separate  the  outer  from  the  inner  layer  (Figs.  38  et  seqJ).  Only  on 
the  anterior  side  of  the  mantle  fold  does  the  ectoderm  become 
cuboid  or  squamous,  while  over  the  cephalic  and  peduncular  regions 
it  is  particularly  thick. 

5.  Seta  Sacs, — High  columnar  cells  line  the  peduncular  chamber. 
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and  at  four  places  (two  median  and  two  lateral)  on  the  dorsal  side 
of  the  mantle  the  epithelium  is  invaginated  to  form  the  setae  sacs 
(Figs.  34,  $6f  56-64,  SS).  No  traces  of  setae  are  preserved  in  the 
material  which  I  have  examined,  but  there  can  be  no  doubt  from 
Morse's  ('73)  account  that  these  invaginations  give  rise  to  the 
lateral  and  median  bundles  of  temporary  setae. 

6.  Sense  Plates  and  Ganglia, — A  little  toward  the  dorsal  side  of 
the  apex  of  the  cephalic  lobe  is  a  depression  in  the  ectoderm,  and 
in  this  region  the  cells  are  deeply  pigmented,  especially  at  their 
free  borders.  This  is  the  apical  sense  plate  (Scheitelplatte)  (Figs. 
26,  28,  29,  31,  32,  34,  35,  36,  56,  57,  58,  CG),  and  in  life  bears 
a  tuft  of  long  cilia  (see  Morse,  '73),  though  no  trace  of  these  is  left 
in  the  material  which  I  have  examined.  Ac  the  base  of  the  cells  of 
this  sense  plate  ganglion  cells  are  cut  off  from  the  epithelial  cells, 
but  continue  to  lie  in  the  ectoderm  (Figs.  28,  36,  56,  57).  These 
ganglion  cells  are  small  and  I  have  been  unable  to  observe  their 
further  development,  but  there  seems  no  reason  to  doubt  that  they 
represent  the  cerebral  ganglion. 

A  similar  sense  plate  and  ganglion  is  formed  on  the  midventral 
line  immediately  posterior  to  the  place  where  the  blastopore  rem- 
nant closed  and  in  the  region  where  the  blastopore  lips  fused  along 
the  mid-line  (Figs.  29,  31,  35,  58,  61,.  62,  SG).  This  is  the  ventral 
sense  plate,  and  the  cells  of  this  plate  are  pigmented  as  are  those 
of  the  apical  plate ;  I  think  it  probable  that  they  bear  a  tuft  of  long 
cilia  in  life,  although  no  one  has  observed  this  feature  as  yet.  As 
in  the  case  of  the  apical  plate,  ganglion  cells  are  cut  off  from  the 
basal  ends  of  the  epithelium  of  the  ventral  plate,  and  here  again 
there  seems  every  reason  to  believe  that  these  ganglion  cells  become 
the  suboesophageal  ganglion.  The  oesophagus  has  not  formed  in 
the  oldest  larva  which  I  have  been  able  to  study,  but  a  slight  invag- 
ination of  the  ectoderm  immediately  anterior  to  the  ventral  sense 
plate  probably  represents  the  earliest  step  in  the  formation  of  the 
oesophagus  (Fig.  58, 0).  Heretofore  no  observations  have  been  made 
on  the  early  development  of  the  nervous  system.  Neither  Morse 
nor  Kowalevsky  observed  any  stages  in  the  formation  of  the  ner- 
vous system.  Shipley  has  observed  in  the  head  region  of  Cistella 
a  small  clump  of  cells  without  granules,  which  he  suggests  may  be  a 
nerve  ganglion ;  his  Fig.  35  shows  however  that  it  lies  entirely 
within  the  mesoderm,  and  it  cannot  therefore  be  a  ganglion. 
Brooks  has  described  in  detail  the  nervous  system  of  the  larva  of 
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Glottidia,  but  this  system  is  already  well   formed  in  the  earliest 
larva  which  he  observed. 

7.  Enteron, — ^The  cavity  of  the  enteron  is  flask-shaped,  the 
enlarged  end  lying  in  the  cephalic  region  while  the  pointed  ex- 
tremity extends  into  the  peduncle.  In  early  larval  stages  the 
transverse  diameter  of  the  enteron  is  greater  than  its  dorso-ventral 
diameter  (Figs.  25  and  44-50)  \  in  later  stages  it  becomes  circular 
in  cross  section  (Figs.  53-55),  while  in  still  later  stages  it  becomes 
compressed  laterally  so  that  its  greater  diameter  is  in  a  dorso-ven- 
tral direction  (Fip.  33,  35,  56-60).  In  the  oldest  stages  which  I 
have  observed  a  diverticulum  from  the  anterior  end  of  the  enteron 
grows  out  toward  the  ventral  side,  and  at  the  same  time  an  invagi- 
nation of  the  ectoderm  appears  in  the  anterior  mantle  furrow,  at  the 
very  point  where  the  blastopore  remnant  disappeared,  and  grows  in 
toward  this  diverticulum  (Figs.  35  and  58).  I  presume  that  this  is 
the  first  step  in  the  formation  of  the  oesophagus.  During  the  whole 
of  the  larval  period  the  enteron  has  no  opening  to  the  exterior. 
According  to  Morse  ('73;  the  mouth  is  formed  late  in  the  meta- 
morphosis, and  while  he  does  not  describe  the  place  or  manner  of 
its  formation  his  Fig.  90  shows  it  at  the  anterior  extremity  of  the 
young  brachiopod.  Kowalevsky  ('  74)  also  has  described  and  figured 
what  he  considers  to  be  the  formation  of  the  oesophagus  at  the 
anterior  end  of  the  cephalic  lobe.  From  what  I  haire  observed  I 
feel  confident  that  the  mouth  is  first  formed  on  the  ventral  side,  in 
the  region  of  the  anterior  mantle  furrow,  and  if  it  is  later  found  at 
the  anterior  end  of  the  young  brachiopod,  its  change  in  position 
must  have  been  brought  about  by  secondary  changes.  Kowalevsky 
expresses  some  doubts  as  to  whether  the  invagination  observed  by 
him  at  the  anterior  end  of  the  cephalic  lobe  is  really  the  oesopha- 
gus, and  from  its  location  I  would  suggest  that  it  is  the  apical  sense 
plate  and  cerebral  ganglion  rather  than  the  oesophagus.  My  obser- 
vation as  to  the  location  of  the  stomodaeal  invagination  thus  con- 
firms Heider's  ('93)  theoretical  suggestion  and  brings  the  brachiopod 
larva  into  close  relationship  with  the  trochophore. 

The  cells  bounding  the  lumen  of  the  enteron  are  cuboid  in  early 
stages  and  columnar  in  later  ones  (compare  Fip.  43-50  with  Figs. 
56-60).  These  cells,  enclosing  a  minute  lumen,  extend  through 
the  entire  peduncular  region  (Figs.  36,  57,  58,  61-64). 

From  its  earliest  formation  the  enteron  is  in  contact  on  its  dorsal 
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side  with  the  ectoderm,  while  laterally  and  on  its  ventral  side  it  is 
bounded  by  mesoderm  (Figs.  43-S»>  S3  and  61-63). 

8.  Calom. — For  a  long  time  after  the  division  of  the  coelom  into 
right  and  left  cavities  by  the  flattening  of  the  embryo  and  the 
closure  of  the  blastopore  these  sacs  communicate  with  each  other 
both  anteriorly  and  posteriorly  (Figs.  43-47,  48-52,  53-55).  In 
still  later  stages  these  communications  are  closed  by  the  practical 
elimination  of  the  coelom  in  the  cephalic  and  peduncular  regions 
through  the  proliferation  of  mesenchyme  cells  (Figs.  56-63). 
The  coelom  sacs,  which  are  at  first  of  nearly  the  same  size 
both  anteriorly  and  posteriorly  (Fig.  25),  become  much  con- 
stricted in  the  peduncular  region  while  they  still  remain 
large  in  the  head  and  mantle  regions  (Fig.  26).  In  the  latter 
region  they  then  become  lobulated,  often  showing  a  trefoil  condi- 
tion (Figs.  27,  28),  and  with  the  further  development  of  the  dorsal 
and  ventral  mantle  folds  a  lobe  of  the  coelom  is  sent  into  each  of 
these  folds  (Figs.  29-33).  ^^  ^^^  ^mt  time  the  coelom  in  the 
cephalic  and  peduncular  regions  grows  smaller,  while  that  in  the 
mantle  grows  larger.  Finally  almost  the  entire  coelom  is  con- 
tained in  the  mantle,  the  portion  in  the  head  and  peduncle  being 
very  small  (Figs.  36  and  56-63).  The  posterior  limits  of  the 
peduncular  coelom  is  marked  by  a  narrowing  of  the  peduncle, 
which  probably  represents  the  fourth  "segment "  of  Shipley.  The 
coelom  however  is  never  segmented  though  it  may  be  constricted  in 
certain  places.  The  constrictions  shown  in  Figs.  27-31  are  quite 
constant  in  position  and  are  connected  with  the  extension  of  the 
coelom  into  the  mantle  lobes,  but  they  never  coincide  in  position 
with  the  superficial  constrictions  of  the  body  (mantle  furrows).  In 
a  few  abnormal  larvae  of  the  stage  shown  in  Fig.  25  I  have  found 
each  coelom  sac  partially  divided  by  mesenchyme  cells  into  three 
cavities.  That  «these  divisions,  however,  have  no  real  importance 
is  shown  by  the  fact  that  their  number  differs  in  different  larvse  and 
is  sometimes  different  on  opposite  sides  of  the  same  larva. 

In  the  early  larval  stages  the  enteron  is  in  close  contact  with  the 
ectoderm  on  the  dorsal  side,  while  a  collection  of  mesoderm  cells 
on  the  ventral  side  of  the  enteron  separates  the  two  coelom 
sacs  and  may  be  considered  the  rudiment  of  a  ventral  mesentery 
(Figs.  49»  50)- 

In  later  stages  the  coelom  is  almost  entirely  obliterated,  except 
in  the  mantle,  and  consequently  the   enteron  is  surrounded   by 
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a  dense  mass  of  mesoderm  cells,  except  on  the  dorsal  side,  where 
it  is  still  in  contact  with  the  ectoderm  (Figs.  56-64).  At  this 
stage  therefore  there  can  be  no  mesenteries  since  there  is  practically 
no  coelom. 

In  early  stages  of  larval  life  the  mesoderm  cells  are  mesenchy- 
matous  in  the  anterior  region  of  the  body  and  epithelial  in  the 
posterior  regions  {cf.  Figs.  43-46).  In  the  later  stages  the  meso- 
derm cells  of  the  posterior  regions  become  more  mesenchyme-like 
(Figs.  48-52  and  53-55),  while  in  still  later  stages  they  become 
densely  packed  and  pigmented  and  it  is  impossible  to  distinguish 
their  cell  boundaries  (Figs.  56-64). 

VI.  General  Considerations  and  Conclusions. 

Although  I  am  not  one  of  those  who  expect  to  find  phylogeny 
"  writ  large  "  in  ontogeny,  yet  it  may  be  worth  while  to  point  out 
the  bearings  of  the  development  of  Terebratulina  on  the  supposed 
relationships  of  brachiopods.  Since  my  own  studies  cover  only 
the  embryonic  and  larval  periods,  I  shall  of  course  limit  to  those 
periods  the  comparison  of  Terebratulina  with  other  forms.  Within 
these  periods  we  may  compare  (i)  the  cleavage,  (2)  mesoderm  and 
coelom  formation,  (3)  orientation  of  embryo  and  larva,  (4)  the  gen- 
eral morphology  of  the  larva. 

I.  The  Cleavage, — As  has  been  said  already,  there  is  no  evidence 
that  the  cleavage  of  Terebratulina  resembles  that  of  moUusks  or 
annelids.  It  is  now  known  that  in  a  great  many  annelids  and 
leeches  and  in  all  groups  of  mollusks  except  the  cephalopods  the 
cleavage  is  of  a  certain  determinate  or  morphogenetic  (Child, 
1900)  type.  The  principal  characteristics  of  this  type  of  cleavage 
are  that  the  ectoderm  is  segregated  in  three  quartettes  of  cells,  that 
the  greater  part  of  the  mesoderm  appears  in  one  «cell  (4d)  of  the 
fourth  quartette,  and  that  the  remaining  cells  of  the  fourth  quartette 
together  with  the  basal  cells  (macromeres)  constitute  the  endoderm, 
and  finally  that  the  elongation  of  the  embryo  takes  place  by  the 
teleoblastic  cleavage  of  certain  cells  in  the  ectoderm  and  mesoderm 
(first  and  second  somatoblasts,  2d  and  4d)  and  possibly  also  in  the 
endoderm  (endodermic  derivations  of  4d).  In  addition  to  these 
general  characteristics  of  the  cleavage  of  annelids  and  mollusks 
there  are  other  characteristics  less  general  in  application,  such  as 
the  derivation  of  the  prototroch,  the  stomodseum,  the  cerebral 
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ganglia,  etc.,  from  certain  cells  of  the  ectoderm.  Wilson  ('99)  has 
shown  that  many  of  the  general  characteristics  mentioned  above 
are  applicable  also  to  the  cleavage  of  the  Turbellaria. 

With  regard  to  some  of  these  general  characteristics  it  is  im- 
possible at  present  either  to  affirm  or  deny  their  presence  in  Tere^ 
bratulina.  For  example,  owing  to  the  difficulty  of  identifying 
individual  cells  I  cannot  say  whether  or  not  the  ectoderm  is  segre- 
gated in  three  quartettes.  In  fact  I  am  wholly  unable  to  recognize 
quartettes  at  all  after  the  eight-cell  stage.  It  is  certain,  however, 
that  the  mesoderm  is  not  formed  by  teleoblastic  growth  from  a  sin- 
gle cell  and  that  the  embryo  does  not  grow  in  length  by  the  teleo- 
blastic cleavage  of  two  somablasts.  Furthermore  the  cleavage  of 
Terebratulina  shows  no  resemblance  to  any  type  of  determinate  or 
morphogenetic  cleavage  which  has  yet  been  described,  whether 
among  annelids,  moUusks,  turbellarians,  nematodes  or  ascidians. 
On  the  other  hand  it  does  resemble  in  some  respects  the  indeter- 
minate cleavage  of  echinoderms,  Phoronis  and  ectoproctous  Bryozoa. 

2.  Mesoderm  and  Ccelom, — The  gastrulation  occurs  by  t)rpical 
invagination;  however,  this  method  of  gastrulation  is  found  in 
almost  every  great  group  of  animals,  and  therefore  no  phylogenetic 
significance  can  be  attributed  to  it.  In  the  formation  of  the  coelom 
however  the  case  is  somewhat  different.  The  method  of  mesoderm 
and  coelom  formation  in  Terebratulina  is  totally  unlike  that  which 
is  found  in  annelids,  moUusks,  platyhelminths,  nematodes  and 
arthropods,  while  it  shows  certain  resemblances  to  chsetognaths  and 
echinoderms.  A  more  detailed  comparison  shows  however  that 
even  these  resemblances  are  not  very  close. 

In  echinoderms  the  enterocoel  is  formed  at  the  inner  end  of  the 
archenteron,  while  the  enteron  arises  from  that  portion  of  the  arch- 
enteron  nearest  the  blastopore;  in  brachiopods  the  enteron  is 
formed  from  the  inner  end  of  the  archenteron,  while  the  enterocoel 
arises  from  that  part  of  the  archenteron  which  in  echinoderms 
gives  rise  to  the  enteron.  It  is  evident  therefore  that  no  real 
resemblance  exists  between  echinoderms  and  brachiopods  in  this 
respect. 

In  chsetognaths  the  method  of  coelom  formation  is  more  like  that 
in  brachiopods — in  fact  Kowalevsky  supposed  that  the  two  were 
identical — and  yet  there  are  important  differences  here  also.  In 
Sagitta,  according  to  both  Kowalevsky  ('71)  and  Hertwig  ('80), 
two  bilateral  folds  of  the.  archenteric  wall  grow  into  the  archen- 
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teron  from  its  apex,  thus  dividing  the  cavity  into  a  median  one,  the 
enteron  and  two  lateral  ones,  the  enterocoels.  The  stomodaeum 
is  said  to  open  into  the  apical  end  of  the  enteron,  directly  opposite 
the  blastopore,  which  has  however  closed  at  an  earlier  period.  In 
Terebratulina,  on  the  other  hand,  the  enteron  is  separated  from  the 
single  enterocoel  by  one  partition  which  grows  out  from  the  anterior 
wall  of  the  archenteron  and  divides  the  latter  into  a  dorsal  cavity, 
the-  enteron,  and  a  ventral  one,  the  enterocoel ;  only  later,  by  the 
closure  of  the  blastopore  and  the  flattening  of  the  embryo,  does  the 
enterocoel  become  divided  through  its  middle  region  into  right  and 
left  cavities,  which,  however,  continue  for  some  time  to  communi- 
cate with  each  other  both  anteriorly  and  posteriorly.  Moreover  the 
stomodaeum  in  Terebratulina  is  formed  in  the  position  of  the  for- 
mer blastopore  and  not  on  the  opposite  side  of  the  embryo.  There- 
fore, although  there  are  certain  general  resemblances  between  the 
two,  I  cannot  regard  the  coelom  formation  in  chaetognaths  and 
brachiopods  as  being  more  than  analogous  processes,  and  as  such 
devoid  of  phylogenetic  significance. 

In  Phoronis^  according  to  Caldwell  ('85),  two  pairs  of  ccelomic 
cavities  are  formed  by  a  modified  type  of  enterocoel  formation, 
which  however  bears  no  resemblance  to  that  in  Terebratulina. 
The  anterior  one  of  these  cavities  gives  rise  to  the  cavities  of 
the  epistome  and  lophophore,  the  posterior  one  to  the  chief  body 
cavity. 

Masterman's  (1900)  work  on  the  development  of  Phoronis  fur- 
nishes the  most  complete  account  of  the  early  development  of  this 
interesting  form  which  has  yet  been  given.'  In  an  earlier  work 
('97)  he  found  that  there  were  three  separate  and  distinct  coelomic 
cavities  in  the  larva,  a  preoral  or  epistomal  cavity,  a  collar  or  lopho- 
phoral  cavity  and  a  trunk  cavity.  In  his  later  paper  he  describes 
the  origin  of  these  cavities ;  the  first  of  these  arises  as  a  median 
outgrowth  from  the  anterior  side  of  the  archenteron,  the  other  two 
arise  as  paired  masses  of  solid  mesoderm  cells  in  which  cavities 
appear  later.  In  the  matter  of  the  formation  of  the  anterior  or 
procoelomic  cavity  there  is  much  resemblance  between  Phoronis  and 
Terebratulina^  but  in  the  latter  animal  the  mesocoelomic  and  meta- 
cfelomic  cavities  are  entirely  absent. 

1  Since  the  appearance  of  Ideka's  (190 1)  work  this  statement  is  no  longer 
true.  Ideka  has  given  by  all  odds  the  most  complete  account  of  the  embryology 
of  Phoronis  yet  published.     (See  postscript,  p.  70.) 
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Very  little  is  certainly  known  of  the  formation  of  the  mesoderm 
and  coelom  among  the  Bryozoa.  In  the  Ectoprocta  the  larval  form 
is  usually  solid,  the  coelom  and  enteron  having  undergone  extensive 
if  not  complete  degeneration,  while  in  those  forms  in  which  the 
coelom  is  still  preserved  its  method  of  origin  is  highly  peculiar. 
For  example,  in  the  Phylactolaemata  the  central  cavity  of  the  em- 
bryo is  generally  considered  to  be  the  coelom,  although  at  the  stage 
at  which  it  appears  there  is  neither  endoderm  nor  enteric  cavity  in 
the  embryo  (see  Korschelt  and  Heider's  Text- Book). 

Among  the  Endoprocta  the  mesoderm  arises  in  Pedicellina^ 
according  to  Hatschek,  from  two  pole  cells  which  appear  at  the 
posterior  edge  of  the  blastopore ;  these  cells  by  repeated  divisions 
give  rise  to  two  short  mesoderm  bands,  and  from  these  bands  meso- 
derm cells  arise  which  fill  the  space  between  the  ectoderm  and  the 
endoderm.  It  appears  therefore  that  no  direct  comparison  c^fi  be 
made  between  Terebratulina  and  the  Bryozoa  in  the  matter  of  the 
formation  of  mesoderm  and  coelom. 

3.  Orientation  of  Embryo  and  Larva, — As  has  been  pointed  out 
already  the  relation  of  the  chief  axis  of  the  gastrula  to  the  chief 
axis  of  the  larva  is  the  same  as  is  found  in  all  Heteraxonia  (Hat- 
schek) or  Hypogastric  forms  (Goette).  The  animal  pole  of  the 
t%g  and  the  apical  pole  of  the  gastrula  become  the  cephalic  pole 
(Hirnfeld)  of  the  larva,  while  the  blastopore  comes  to  lie  on  the 
ventral  side.  Such  a  relation  of  the  embryonic  and  larval  or  adult 
axes  is  of  very  general  occurrence,  being  found  at  least  in  all  Tro- 
chozoa  (Hatschek).  Moreover  in  having  a  blastopore  which 
becomes  narrow  from  side  to  side  and  then  closes  from  behind  for- 
ward, and  also  in  the  formation  of  the  stomodaeum  at  the  place 
where  the  blastopore  closed,  Terebratulina  agrees  with  a  large 
number  of  bilateral  animals  belonging  to  widely  different  phyla. 
These  characters  are  so  general,  therefore,  as  to  be  of  little  value  in 
determining  the  affinities  of  the  brachiopods.  Regarding  the 
apical  sense  plate  as  anterior  and  the  suboesophageal  sense  plate  as 
ventral  in  position,  it  follows  that  the  peduncle  is  posterior  and  the 
mantle  folds  dorsal  and  ventral ;  consequently  even  after  the  meta- 
morphosis the  peduncle  is  posterior,  and  the  valves  which  are 
formed  by  the  mantle  folds  are  dorsal  and  ventral,  while  the  opening 
of  the  valves  is  anterior.  I'his  orientation  is  the  commonly 
accepted  one  and  is  directly  opposed  to  Caldwell's  ('82)  remark- 
able views,  according  to  which  both  valves  and  the  peduncle  are 
ventral  in  position. 
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4.  General  Morphology  of  Larva, — The  resemblances  between 
the  early  embryos  of  Terebratulina  and  those  of  other  meta- 
zoa  are  so  general  in  character  that  they  afford  little  assistance  in 
determining  the  affinities  of  the  brachiopods.  We  must  therefore 
rely  largely  upon  the  structure  of  the  larva  and  of  the  adult  for  the 
solution  of  this  problem. 

(a)   Comparison  with  Trochophore. 

Among  the  chief  characteristics  of  the  trochophore  larva,  as 
enumerated  by  Hatschek  ('88,  p.  307),  are  the  following : 

I.  (i)  Bilateral  symmetry,  (2)  mouth  on  ventral  side,  (3) 

anus  near  posterior  end,  (4)  shape  ovoid. 

II.  (5)   Apical  tuft  of   cilia,    (6)   preoral  ciliated    band 

(Trochus),  (7)  postoral  ciliated  band  (Cingulum), 
(8)  adoral  ciliated  zone,  (9)  ventral  ciliated  furrow  be- 
tween mouth  and  anus,  (10)  small  cilia  over  general 
surface  of  larva. 

III.  (11)  Epithelial  nervous  system,  (12)  apical  plate  {Schet- 
telplatte)^  ganglion  and  sense  organs,  (13)  oesophageal 
nerves  and  buccal  (ventral)  ganglion,  (14)  ventral  (and 
sometimes  dorsal)  longitudinal  nerves. 

IV.  (15)  Alimentary  canal  (oesophagus,  stomach  and  intes- 
tine) horseshoe-shaped  and  ciliated  throughout,  (16) 
stomach  retort-shaped,  (17)  intestine  reaches  to  poste- 
rior end  of  body. 

V.  (18)  Mesoderm  partly  mesenchymatous,  partly  epithel- 

ial, (19)  mesenchyme  gives  rise  to  branched  connective 
tissue  cells  and  thread-like  or  branched  muscle  cells, 
(20)  ventral  and  dorsal  longitudinal  muscle  pairs,  (21) 
preoral  and  postoral  ring  muscles,  (22)  dilatators  and 
constrictors  of  oesophagus  and   intestine,  (23)  meso- 
thelium  gives  rise  to  the  paired  protonephridium,  which 
is  a  longitudinal  ciliated  tube  closed  at  the  anterior  end 
by  terminal  cells,  and  opening  posteriorly  on  the  ven- 
tral side  in  front  of  the  anus,  (24)  paired  ccelomic  sacs 
at  the  posterior  end. 
Of  these  characteristics,  numbers  5,  6,  7,  8,  11,  12,  13,  15,   16, 
17  and  23  are  undoubtedly  the  most  important,  and  all  of  these 
except  the  last  are  found  also  in  brachiopod   larvae.      All  inves- 
tigators of  the  embryology  of  brachiopods  have    described  the 
apical  tuft  of  cilia  (5);  the  preoral  ciliated  band  (6)  is  probably 
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represented  in  the  brachiopod  larva  by  the  circle  of  longer  cilia 
foand  at  the  base  of  the  preoral  lobe  (see  Kowalevsky's  figures  of 
Argtiifpe  \aav2t);  the  postoral  ciliated  band  (7)  is  probably  repre- 
sented by  the  mantle,  which  attains  a  much  greater  development  in 
the  brachiopod  larva  than  in  the  ordinary  trochophore ;  the  adoral 
ciliated  furrow  (8)  is  represented  by  the  anterior  mantle  furrow ; 
the  fact  that  adult  brachiopods  have  an  epithelial  nervous  system 
(11)  has  long  been  known,  and  I  have  observed  the  beginnings  of 
such  a  nervous  system  in  the  larva  of  Terebratulina ;  I  have  also 
observed  (p.  55)  the  apical  plate  and  ganglion  (12)  and  the  ventral' 
plate  and  ganglion  (13)  in  Terebratulina ;  only  the  beginnings  of 
the  oesophageal  invagination  are  shown  in  the  oldest  larva  which  I 
have  studied,  but  it  is  evident  from  its  position  that  after  it  joins 
the  stomach  the  alimentary  canal  will  be  horseshoe-shaped  (15) ; 
the  stomach  in  Terebratulina  larvae  is  retort-shaped  (16)  and  the 
intestine  reaches  to  the  posterior  end  of  the  larva  (17). 

In  addition  to  these  more  important  characteristics  the  larvae  of 
Cistella^  Thecidium  or  Terebratulina  agree  with  the  trochophore  in 
the  possession  of  the  following  characteristics :  Bilateral  symmetry 
(i),  blastopore  and  anlage  of  mouth  on  ventral  side  (2),  ventral 
blastopore  groove  (9)  and  general  ciliationof  body  (10),  mesoderm 
partly  mesenchymatous,  partly  epithelial  (18)  j  finally  ventral  and 
dorsal  longitudinal  muscles  (20)  are  present  in  the  peduncle  of 
Cistella,  These  brachiopod  larvae  also  agree  with  many  chaetopod 
larvae  in  the  possession  of  ectodermal  seta  sacs  and  provisional 
setae. 

The  points  in  which  the  larvae  of  testicardinate  brachiopods 
differ  most  from  the  trochophore  are  in  the  absence  of  mouth  and 
anus  and  the  lack  of  a  protonephridium.  In  the  Ecardines  how- 
ever both  mouth  and  anus  are  present  during  larval  life,  and  in  all 
brachiopods  a  single  pair  of  nephridia  appears  after  the  larval 
period.  The  absence  of  these  larval  structures  therefore  indicates 
a  retardation  or  less  perfect  development  of  the  larval  brachiopod 
as  compared  with  the  typical  trochophore.  I  believe  therefore 
that  the  brachiopod  larva  belongs  unquestionably  to  the  trocho- 
phore type. 

(b)   Comparison  with  Actinotrocha, 

The  larva  of  Phoronis,  while  showing  many  peculiarities,  bears 
a  most  decided  resemblance  to  the  trochophore.  Among  its  prin- 
cipal characteristics  may  be  enumerated  the  following : 
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I.  (i)  There  are  three  sections  of  the  body:  (a)  the  pre- 

oral  lobe,  (b)  the  postoral  section  (collar)  which  carries 
tentacles,  and  (c)  the  posterior  or  anal  section  (trunk); 
(2)  the  preoral  lobe  proi)ably  represents  the  umbrella  of 
the  trochophore ;  (3)  the  cilia  at  its  margin  probably 
correspond  to  the  preoral  ciliated  band  (Trochus),  while 
(4;  the  postoral  ciliated  zone  (collar)  which  carries  the 
tentacles  probably  corresponds  to  the  postoral  band 
(Cingulum)  of  the  trochophore ;  (5)  this  postoral  cili- 
ated zone  (Cingulum)  runs  obliquely  around  the  body, 
being  further  posterior  on  the  ventral  than  on  the 
dorsal  side ;  (6)  tentacles  appear  near  the  ventral  mid- 
line and  fresh  pairs  are  added  dorsally. 

II.  (7)  There  is  an  epithelial  nervous  system,  (8)  an  apical 

plate,  ganglion  and  (in  some  species)  eye  spots,  and 
(9)  an  oesophageal  commissure. 

III.  (10)  The  coelom  is  composed  of  an  anterior  unpaired 
cavity  and  two  pairs  of  cavities  posterior  to  this  (Mas- 
terman);'  (i  i)  the  anterior  coelom  sac  arises  as  an  entero- 
coel,  the  posterior  paired  ones  as  schizocoels;  (12)  there 
is  one  pair  of  protonephridia,  which  end  blindly  inter- 
nally in  connection  with  excretory  cells. 

IV.  (13)  There  is  a  ventral  invagination  posterior  to  the 
zone  of  tentacles  and  a  peculiar  metamorphosis  by  the 
evagination  of  this  invagination;  (14)  during  metamor- 
phosis the  tentacles  turn  forward,  and  (15)  the  anus 
comes  to  lie  on  the  dorsal  side  of  the  mouth,  the  intes- 
tine thus  forming  a  loop. 

Comparing  now  the  larvae  of  brachiopods  with  the  Actinotrocha 
we  find  that,  in  addition  to  the  general  resemblances  to  the  trocho- 
phore which  both  show,  there  are  the  following  special  resem- 
blances between  the  two :  (i)  In  both  brachiopods  and  Actinotro- 
cha the  postoral  ciliated  zone  (Cingulum)  is  greatly  enlarged  and 
runs  obliquely  around  the  body,  being  farther  posterior  on  the  ven- 
tral than  on  the  dorsal  side.  (2)  In  both  cases  this  forms  the 
mantle  or  lophophore,  though  the  tentacles  or  cirri  ^hich  are  borne 
upon  it  appear  much  earlier  in  Actinotrocha  than  in  the  brachiopod 
larva.     (3)  Brooks  has  shown  that  in  Lingula  the  ventral  pair  of 

See  pcstscript,  p.  70. 
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tentacles  appears  first  and  that  successive  pairs  of  tentacles  are 
added  dorsally,  exactly  as  in  Actinotrocha.  (4)  In  the  meta- 
morphosis the  mantle  (lophophore)  is  turned  forward  over  the  pre- 
oral  lobe  in  exactly  the  same  way  in  both  cases.  These  are 
extremely  important  resemblances,  and  in  themselves  lend  support 
to  the  view  that  Phoronis  and  the  Brachiopoda  are  closely  related.* 
On  the  other  hand,  according  to  Masterman's  ('97  and  1900) 
recent  work  on  Actinotrocha,  there  are  certain  important  respects 
in  which  Actinotrocha  differs  decidedly  from  the  brachiopod  larva : 
(i)  The  coelom  consists  of  an  anterior  unpaired  cavity  and  of  two 
pairs  of  cavities,  one  of  which  lies  in  the  lophophore  and  the  other 
in  the  trunk  region.  The  anterior  unpaired  cavity  somewhat 
resembles  in  position  and  method  of  origin  the  anterior  portion  of 
the  enterocoel  of  Terebratuiina,  but  the  lophophoral  and  trunk 
cavities  of  Actinotrocha  differ  from  the  mantle  and  peduncular 
coelom  of  Terebratulina  in  that  the  latter  are  a  part  of  the  entero- 
coel and  are  never  completely  separated  from  one  another,  whereas 
in  Actinotrocha  they  arise  as  schizocoels  and  are  always  separate. 
(2)  Actinotrocha  also  has  rudiments,  at  least  of  a  second  pair  of 
nephridia.  (3)  It  also  has  two  endodermal  outgrowths  from  the 
anterior  portion  of  the  enteron,  whir:h  are  composed  of  large  vacu- 
olated cells,  and  are  homologized  by  Masterman  with  the  notochord 
of  the  Hemichorda.' 

I  have  had  no  opportunity  of  studying  the  later  stages  in  the 
development  of  the  brachiopod,  in  which  alone  the  two  last-men- 
tioned structures  might  be  looked  for,  and  cannot  therefore  deter- 
mine whether  there  are  real  differences  between  the  brachiopod  and 
Phoronis  in  these  respects.  With  regard  to  the  differences  shown 
by  the  coelom,  one  must  bear  in  mind  the  fact  that  in  the  brachio- 
pod larva  the  coelom  almost  entirely  disappears,  except  in  the  man- 
tle, and  a  segmentation  of  the  coelom  in  later  stages  could  not 
therefore  be  observed,  even  if  it  had  at  one  time  existed  in  the 
ancestors  of  the  brachiopods.  There  can  be  no  doubt  however 
that  in  Terebratulina  the  entire  coelom  arises  from  a  single  entero- 
coel, in  which  respect  there  is  a  decided  difference  between  the 
brachiopod  and  Phoronis.     The  resemblances   mentioned  above 

^  The  presence  of  «  plasmic  corpuscles  "  (Ideka,  1901)  in  the  blastocoel  of  both 
forms  is  another  interesting  resemblance  (see  p.  45). 
2  See  postscript,  p.  70. 
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however  are  so  important  and  extend  to  such  details  that  I  am 
inclined  to  accept  the  view  that  Phoronis  and  the  Brachiopoda  are 
related,  and  to  look  to  future  work  on  the  development  of  both  of 
these  groups  to  harmonize  the  apparent  differences  between  them. 

(c)  Comparison  with  Larval  Polyzoa. 

Brooks  in  particular  has  emphasized  the  resemblance  between  the 
larvae  of  Polyzoa  and  Brachiopoda,  basing  this  comparison,  how- 
ever, rather  upon  the  external  characters  in  which  both  resemble 
the  trochophore  than  upon  a  detailed  comparison  of  internal 
structure. 

Ectoprocta, — It  is  extremely  difficult  to  compare  larval  brachio- 
pods  with  larval  ectoprocts,  owing  to  the  great  variety  of  forms 
presented  by  the  latter,  their  many  secondary  characters,  and  the 
conflicting  accounts  of  their  structures  and  homologies  which  have 
been  given  by  various  authors.  There  is  some  reason  for  believing 
however  that  the  ectoproct  larva  belongs  to  the  trochophore  type, 
and  that  the  following  parts  of  the  two  may  be  homologous  :  (i) 
The  retractile  disk  may  correspond  (at  least  in  part)  to  the  apical 
plate,  (2)  the  corona  in  part  to  the  trochus,  (3)  the  sucker  to 
the  trunk  of  the  trochophore,  or  to  the  ventral  evagination  of 
Actinotrocha.  Furthermore  one  may  trace  a  certain  resemblance 
between  the  invaginated  sucker  of  Bugula  and  Lepralia  and  the 
peduncle  and  mantle  of  Terebratulina.  In  both  cases  attachment 
takes  place  by  the  peduncle,  while  the  covering  folds  (mantle  in  the 
case  of  brachiopods)  are  turned  forward  as  the  peduncle  is  protruded. 
However  the  degeneration  and  modification  of  structures,  both  in 
the  larval  stages  and  in  the  metamorphosis,  are  so  extreme  that  any 
attempt  at  the  present  time  to  trace  homologies  between  larval 
Ectoprocta  and  other  forms  must  be  accompanied  by  a  lively 
imagination  and  a  ready  facility  in  guessing. 

There  is  good  evidence  in  the  degeneration  of  the  intestine  and 
coelom  of  the  ectoproct  larva,  and  in  the  general  degeneration 
which  accompanies  its  metamorphosis,  that  we  are  dealing  with  a 
highly  modified  type  of  development,  which  is  little  likely  to  throw 
light  upon  the  affinities  of  the  Polyzoa.  However  the  resemblances 
between  the  adult  Polyzoa  and  Phoronis  and  the  Brachiopoda  is 
such  as  to  warrant  the  conclusion  that  these  groups  are  at  least 
remotely  related  to  one  another. 

Entoprocta, — Among  larval  entoprocts  there  are  few,  if  any, 
undoubted  homologies  with  either  the  trochophore,  the  actinotroch, 
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or  the  brachiopod  larva.  It  is  possible  that  the  ciliated  disk  of 
Fedicellina  and  Loxosoma  is  homologous  with  the  retractile  disk  of 
the  ectoproct  larva  and  with  the  apical  plate  of  the  trochophore, 
and  that  the  margin  of  the  vestibule  (ciliated  ring)  in  the  former 
corresponds  to  the  trochus  of  the  latter,  but  these  possible  homol- 
ogies are  too  hypothetical  to  be  affirmed  with  any  degree  of 
assurance. 

5.  Conclusions, — Neglecting  the  older  views  as  to  the  affinities  of 
the  brachiopods  with  lamellibranchiate  Mollusca,  which  were 
founded  merely  upon  superficial  resemblances,  we  find  that  within 
recent  times  the  brachiopods  have  been  associated,  at  different 
times  and  by  different  authors,  with  Chaetopoda,  Polyzoa,  Chae- 
tognatha  and  Phoronis. 

Both  Morse  ('73*)  and  Kowalevsky  ('74)  independently  reached 
the  conclusion  that  the  brachiopods  are  chaetopod  annelids.  Morse 
says  in  summing  up  his  work  on  the  subject  ('73',  p.  57):  *'We 
must  regard  the  brachiopods  as  ancient  cephalized  chatopods^  while 
Serpula,  AmphitritCy  Sabelia,  Protula  and  others  may  be  regarded 
as  modern  (later)  cephalized  chaiopods^^'y  and  Kowalevsky  ('74) 
maintained  that  the  brachiopods  ought  to  be  considered  simply  as 
an  order  of  the  annelids,  which  present  at  least  as  many  resem- 
blances to  the  chaetopods  as  do  the  leeches. 

Morse  has  enumerated  twenty-four  characteristics  in  which  brachi- 
opods resemble  more  or  less  closely  Vermes,  sedentary  annelids  and 
Gephyreans.  Kowalevsky  also  names  a  considerable  number  of 
points  in  which  brachiopods  resemble  chaetopods.  Some  of  these 
features  are  not  actually  characteristic  of  the  brachiopods,  as,  for 
example,  the  segmentation  of  the  larva ;  others  are  of  such  a  gen- 
eral character  as  to  apply  to  almost  all  Bilateralia,  as  Brooks  has 
shown,  while  still  others  represent  real  resemblances  between  the 
brachiopod  larva  and  the  trochophore.  The  trochophore  larva 
however  is  of  such  wide  occurrence  among  bilateral  animals,  that 
the  mere  classification  of  the  brachiopods  among  the  Trochozoa 
throws  no  light  upon  the  nearer  affinities  of  this  group. 

Huxley,  Lankester,  Glaus  and  others  have  regarded  the  brachio- 
pods as  more  or  less  closely  related  to  the  Polyzoa,  and  Brooks  in 
particular  has  held  that  the  two  groups  belong  to  the  same  phylum 
and  class.  "The  organization  of  the  Lingula  larva,"  he  says, 
"  shows  that  it  is  not  merely  like  a  Polyzoon,  but  that  it  actually  is 
one;  as  much  so  as  the  hydra  stage  of  an  Hydro-Medusa  is  a 
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Hydra,  or  the  tailed  larva  of  Botryllus  is  an  Appendiculariay  and 
more  so  than  a  tadpole  is  an  urodellan  Batrachian."  This  close 
relationship  he  bases  largely  upon  the  external  resemblances  be- 
tween the  larvae  of  Thecidium  and  various  Polyzoon  larvae.  It 
seems  to  me  that  some  of  these  resemblances  are  real  homologies, 
but  on  the  other  hand  the  differences  between  these  larvae,  as  well 
as  between  the  adults  of  these  two  groups,  are  so  great  that  it 
would  be  inadvisable  to  place  them  together  in  the  same  class; 
though  I  believe  they  should  be  placed  in  the  same  phylum. 
Moreover  it  seems  to  me  that  Brooks'  view,  that  the  Polyzoa  are 
the  ancestral  form  of  which  the  Brachiopoda  are  a  specialization, 
is  just  the  reverse  of  the  real  relationship;  larval  as  well  as  adult 
Brachiopoda  show  less  specialization  and  certainly  less  degeneraticm 
than  the  Polyzoa. 

The  resemblances  of  the  brachiopod  larva  to  the  MoUuscan 
veliger,  upon  which  Brooks  lays  emphasis,  are  in  the  main  the  same 
as  the  resemblances  to  the  trochophore,  the  veliger  and  trochophore 
belonging  to  the  same  type  of  larva. 

The  idea  that  the  brachiopods  are  related  to  the  chaetognaths, 
which  was  suggested  by  Biitschli  and  Hertwig  ('80)  and  maintained 
by  van  Bemmelen  ('83),  has  little  more  in  its  favor  than  the  sup- 
posed resemblance  in  the  method  of  formation  of  the  coelom  and 
in  certain  histological  details. 

So  far  as  the  formation  of  the  coelom  is  concerned,  I  have 
already  pointed  out  the  fact  that  in  TerebrahiUna  it  forms  in  a  very 
different  manner  from  what  obtains  in  Sagitta^  and  as  for  the  histo- 
logical resemblances  they  are  by  no  means  confined  to  the  two 
groups  in  question.  On  the  other  hand  there  are  so  many  im- 
portant differences  between  the  two  groups,  both  in  their  embryology 
and  in  their  adult  structure,  that  one  could  as  well  maintain  the 
affinity  of  the  Brachiopoda  with  Echinodermata,  Enteropneusta  or 
Chordata,  as  with  Chaetognatha. 

Caldwell  ('82)  first  pointed  out  in  detail  the  resemblances  be- 
tween Phorofds  and  the  Brachiopoda.  In  this  paper  he  has  urged 
*'  an  entirely  new  view  of  the  homologies  of  the  body  sur£u:es  in 
Brachiopoda."  He  regards  the  Brachiopoda  as  fixed  by  their  ven- 
tral surface,  and  both  valves  of  the  shell  as  ventral  in  position,  the 
peduncle  of  the  brachiopod  corresponding  to  the  ventral  invagina- 
tion of  Actinotrocha.  While  there  are  some  facts  which  may  be 
urged  in  favor  of  this  view  there  are  many  which  may  be  used 
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against  it.     The  fact  that  in  both  Phoronit  and  Lingula  the  intes- 
tine forms  a  loop,  the  anus  opening  near  the  mouth,  and  that  fixa- 
tion takes  place  by  the  posterior  extremity,  has  led  to  Caldwell's 
view  as  to  the  homologies  of  the  body  surfaces  in  the  brachiopods. 
On  the  other  hand  the  ventral  mantle  fold  of  Terebratulina  forms 
directly  across  the  region  where  the  blastopore  lips  fused  and  imme- 
diately posterior  to  the  place  where  the  blastopore  remnant  closed  and 
where  the  mouth  later  appears.    Upon  the  anterior  face  of  this  fold 
the  suboesophageal  sense  plate  and  ganglion  appear;  there  can  be 
no  doubt  therefore  that  this  fold  is  ventral  in  position.    The  dorsal 
mantle  fold  appears  at  a  very  early  stage  (Figs.  i6  and  20)  on  the 
apical  side  of  the  gastrula  and  just  posterior  to  the  chief  gastrula 
axis ;  it  is  impossible  therefore  that  it  should  be  considered  as  ven- 
tral in  position.     Furthermore  the  mantle  folds  of  the  brachiopod 
correspond  to  the  zone  which  bears  the  tentacles  in  Actinotrocha  (col- 
lar, Masterman)  and  not  to  the  margins  of  the  ventral  invagination; 
and  since  the  mantle  folds  surround  the  body  posterior  to  the 
mouth,  both  of  them  cannot  be  ventral  in  position.  Whether  the  pe- 
duncle is  ventral  or  not  cannot  perhaps  be  determined  with  certainty 
until  we  know  the  embryology  of  a  brachiopod  in  which  the  anus 
and  terminal  portion  of  the  intestine  are  present.     In  Lingula^  as 
is  well  known,  the  anus  opens  near  the  mouth  and  on  the  left  side ; 
in  Crania  it  is  terminal  in  position,  and  the  embryology  of  either 
of  these  forms  should  throw  light  on  this  question  as  to  the  mor- 
phological position  and   homologies  of  the  peduncle.     Brooks' 
work  on  Lingula  deals  only  with  stages  in  which  the  anus  and  the 
intestinal  loop  are  already  present,  and  one  cannot  therefore  tell  at 
what  point  relative  to  the  blastopore  the  anus  appears  and  how  the 
loop  is  formed.    It  is  certain  however  that  the  ventral  invagination 
and  remarkable  metamorphosis  of  Actinotrocha  are  coenogenetic 
rather  than  phylogenetic  characteristics,  and  that    parallel   phe- 
nomena need  not  be  expected  in  other  groups  of  animals.    Further- 
more it  is  certain  that  the  peduncle  in  TerebrcUulina  is  derived 
from  that  portion  of  the  gastrula  which  is  posterior  to  the  blasto* 
pore ;  I  do  not  see  therefore  how  it  can  be  regarded  as  ventral  in 
position.     But  however  this  problem  of  the  relation  of  the  pedun- 
cle of  the  brachiopod  and  the  ventral  invagination  of  Actinotrocha 
may  be  decided  by  future  work,  it  seems  to  me  that  the  affinities  of 
Fhoronis  and  Brachiopoda  are  well  established.    I  agree  therefore 
in  the  main  with  the  views  of  Caldwell,  Lang  and  Bkxrhman,  and 
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more  particularly  with  the  position  of  Heider,  as  to  the  afiinities  of 
the  brachiopods.  The  relationship  between  Phoronis,  Bryozoa 
and  Brachiopoda  seems  to  me  sufficiently  close  to  justify  the  placing 
of  them  in  the  same  phylum^  though  not  in  the  same  class,  as  Lang 
has  done. 

Postscript. 

Since  this  paper  was  written  I  have  seen  Ideka's  (1901)  very 
important  contribution  on  the  "  Development,  Structure  and  Meta- 
morphosis of  Actinotrocha."  Ideka's  work  is  in  all  respects  the 
most  thorough  and  extensive  which  has  yet  been  done  on  the  devel- 
opment of  Actinotrocha,  and  in  many  very  important  points  he 
differs  decidedly  from  Masterman.  Some  of  the  differences  be- 
tween Actinotrocha  and  the  brachiopod  larva,  which  are  pointed 
out  on  p.  65,  disappear  in  the  light  of  this  work.  For  example, 
Ideka  finds  that  there  is  but  one  complete  septum  in  the  body,  that 
between  the  collar  and  the  tnmk,  while  the  cavities  of  the  preoral 
lobe  and  collar  are  in  communication  through  a  very  incomplete  sep- 
tum. Furthermore  Ideka  finds  no  trace  of  a  second  pair  of  neph- 
ridia  or  of  a  **  proboscis  pore,"  such  as  Masterman  described, 
while  the  two  "chorda"  diverticula  of  Masterman  (Diplochorda) 
are  represented  by  a  single  unpaired  diverticulum  in  the  Japanese 
species.  Whether  this  is  a  glandular  or  skeletal  structure  is  left  an 
open  question. 

With  the  exception  then  of  the  single  septum  between  the  collar 
and  the  trunk  regions  there  are  no  important  differences  between 
Actinotrocha  and  the  brachiopod  larva.  This  septum  occupies  a 
position  in  Actinotrocha  corresponding  to  the  posterior  mantle 
furrow  of  the  brachiopod  larva,  and  it  would  be  interesting  to 
know  whether,  in  stages  of  the  brachiopod  larva  later  than  those 
which  I  have  studied,  any  trace  of  a  septum  can  be  found  in  this 
position. 
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Reference   Letters. 

Be,  Blastocoel. 

B/,  Blastopore  groove. 

Bp,  Blastopore. 

Br,  Blastopore  remnant 

C,  Coelom. 
Ce,  Enterocoel. 

Cc,  Cephalic  Coebm. 

Cm,  Mantle  Coelom. 

Cp,  Peduncular  Coelom. 

Ccm,  Cephalic  and  Mantle  Coelom. 

Cmd,  Dorsal  extension  of  Mantle  Coelom. 

Cmv,  Ventral  extension  of  Mantle  Coelom. 

CG,  Apical  Sense  Plate  and  Cerebral  Ganglion. 

D,  Dorsal. 

Dj4,  Dorsal-Anterior. 

£,  Enteron. 

£m.  Egg  Membrane  (ectoplasmic  layer). 

Fa,  Anterior  Mantle  Furrow. 

Fp,  Posterior  Mantle  Furrow. 

Gc,  Gastrocoel. 

M,  Mantle. 

Md,  Dorsal  Mantle  Fold. 

Afv,  Ventral  Mantle  Fold. 

mc,  Mesenchyme. 

O,  Point  where  blastopore  closed  and  oesophageal  invagination  apjyears. 

B,  Peduncle. 

Bd,  Polar  Bodies. 

PC,  Peduncular  Chamber. 

Bg,  Dark  Staining  Granules. 

SG,  Ventral  Sense  Plate  and  Sub-cesophageal  Ganglion. 

SS,  Setae  Sacs. 

K,  Ventral. 

VB,  Ventral-Posterior. 


1902.]  CONKLIN — EMBRYOLOGY  OP  A  BRAOHIOPOD.  78 

Description  of  Figures. 

All  the  figures  illnstratiDg  this  paper  were  drawn  vrith  Camera  Lucida  at  the 
stage  level  under  a  Zeiss  Apochromat.  Homog.  Immeri.  Obj.  5mm.  Comps.  Occ. 
4.     In  the  process  of  reproduction  they  have  been  reduced  about  one-third. 


Plate  I. 

Fig.  I.  One-cell  stage ;  polar  body  in  process  of  being  formed;  egg  elliptical ; 
ectoplasmic  layer  surrounds  egg  and  polar  body. 

Fig.  2.  Two-cell  stage;  one  cell  larger  than  the  other;  three  polar  bodies 
present. 

Fig.  3.  Transitional  stage  between  two-cell  and  four-cell  stages ;  showing  over- 
lapping of  certain  cells  and  «  spiral "  character  of  cleavage. 

Fig.  4.  Four-cell  stage,  two  cells  (at  right)  larger  than  the  other  two ;  proto- 
plasmic areas  surrounding  nuclei  shown ;  two  polar  bodies  lie  in  the  polar 
furrow. 

Fig.  5.     Eight-cell  stage,  apical  view ;  three  polar  bodies  at  animal  pole. 

^ig.  6.    Eight-cell  stage,  side  view ;  one  polar  body  at  animal  pole. 


Plate  II. 

Fig.  7.     Eight-cell  stage,  apical  view;  each  cell  indented  at  periphery;  polar 

furrows  at  right  angles  to  each  other  at  opposite  poles. 
Fig.  8.    Seven-cell  stage ;  irregular  cleavage ;  animal  pole  indicated  by  three 

polar  bodies. 
Fig.  9.    Sixteen-cell-stage,  apical  view ;  two  polar  bodies  at  animal  pole. 
Fig.  10.     Sixteen-cell  stage,  optical  section,  showing  blastocoel,  ectoplasmic  layer 

(£m)  and  polar  body  or  yolk  spherule  between  two  of  the  cells. 
Fig.  1 1.    Tveenty-cell  stage ;  some  of  the  cells  elongated  and  probably  dividing 

yolk  spherules  within  blastocoel. 
Fig.  12.    About  forty-eight-csll  stage ;  egg  flattened  by  pressure  and  the  blasto- 

meres  partially  separated. 


Plate  III. 

Fig.  13.    Early  invagination  stage,  optical  section. 

Fig.  14.     Gastrulation  completed;   blastocoel  obliterated;    gastrocoel  partially 

divided  into  enteron  (£)  and  enterocoel  (Ce), 
Fig.  15.    Optical  section  of  older  embryo,  viewed  from  posterior;  enteron  still 

further  constricted  from  enterocoel. 
Fig.  16.    Optical  section  of  embryo  of  same  stage  as  preceding,  lateral  view, 

showing  anterior  extension  of  enterocoel  and  partition  wall  growing  down 

on  anterior  side  between  enteron  and  enterocoel. 
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Fig.  17.  Oral  view  of  embryo,  showing  elongated  blastopore  opening  at  its 
anterior  end  into  the  enterocoel  and  enteron ;  the  enterocoel  but  little  larger 
than  the  enteron. 

Fig.  18.     Antero- ventral  view  of  an  embryo  of  about  the  same  stage  as  the 

preceding. 


Plate  IV. 

Fig.  19.  Optical  section  of  older  embryo,  viewed  from  posterior ;  showing  the 
enteron  separated  from  the  enterocoel. 

Fig.  20.  Optical  section  of  an  embryo  of  same  stage  as  preceding,  lateral 
view ;  showing  the  enteron  almost  entirely  separated  from  the  enterocoel. 

Fig.  21.  Oral  view  of  an  embryo  of  about  the  same  stage  as  the  preceding ;  the 
blastopore  narrower  than  in  preceding  stages;  the  enteron  completely 
cut  off  from  the  enterocoel  except  in  the  region  of  the  blastopore ;  mesen- 
chyme cells  (mc)  line  the  anterior  part  of  the  enterocoeL 

Fig.  22.  Oral  view  of  an  older  embryo  in  which  the  blastopore  has  closed  to  a 
narrow  groove  except  for  a  small  opening  near  its  anterior  end ;  mesenchyme 
cells  are  abundant  in  the  anterior  and  posterior  parts  of  the  enterocoel ;  man- 
tle folds  show  at  the  sides  of  the  embryo. 

Fig.  23.  Aboral  view  of  an  embryo  of  the  same  stage  as  the  preceding,  showing 
dorsal  mantle  fold  (M). 

Fig.  24.  Optical  longitudinal  section  of  an  embryo  in  which  the  blastopore  has 
completely  closed,  leaving  however  on  the  ventral  surface  the  blastopore 
remnant  (Br)  and  groove;  the  dorsal  mantle  fold  (Afd)  and  furrow  are 
shown  on  the  dorsal  side ;  the  enteron  still  communicates  with  the  enterocoel 
at  its  posterior  end. 


Plate  V. 

Fig.  25.  Dorsal  view  of  a  larva  in  which  cephalic,  mantle  and  peduncular 
regions  are  well  defined. 

Fig.  26.  Ventral  view  of  an  older  larva,  showing  the  ventral  mantle  folds 
meeting  m  the  region  of  the  blastopore  groove  {^B/);  the  blastopore  rem- 
nant (Br)  lies  in  a  notch  on  the  anterior  side  of  the  mantle  fold. 

Fig.  27.  Dorsal  view  of  a  slightly  older  larva,  showing  the  increased  promi- 
nence of  the  mantle  and  the  lobulation  of  the  coelom. 

Fig.  28.  Optical  longitudinal  section  of  a  larva  of  the  same  stage  as  the  pre- 
ceding, showing  the  dorsal  and  ventral  mantle  folds  {Mdajid  Afv)  ;  apical 
sense  plate  and  ganglion ;  enteron  and  coelom. 

Fig.  29.  Ventral  view  of  an  older  larva,  showing  the  ventral  mantle  folds  fused 
in  the  midline ;  the  anterior  and  posterior  mantle  furrows  are  shown  as 
shaded  lines ;  in  the  anterior  mantle  furrow  the  place  at  which  the  blastopore 
remnant  disappeared  and  where  the  oesophageal  invagination  will  occur  is 
marked  ( O)  ;  the  apical  and  ventral  sense  plates  (  CG  and  SG). 
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Fig.  30.  Dorsal  riew  of  a  lanra  of  the  same  stage  as  the  preceding,  showing  the 
dorsal  mantle  fold  {^d);  the  anterior  and  posterior  mantle  farrows;  the 
onion  between  the  two  halves  of  the  peduncular  coelom. 


Plate  VI. 

Fig.  31.    Lateral  view  of  a  larva  of  the  same  stage  as  the  preceding,  showing 

anterior  and  posterior  mantle  folds  (Fa  and  F^)^  apical  and  ventral  sense 

plates  {CG  and  SG),  enteron  and  coelom. 
Fig.  32.    Dorsal  view  of  older  larva,  showing  increased  prominence  of  mantle 

and  deep  constriction  of  anterior  mantle  furrow. 
Fig.  33.    Dorsal  view  of  an  older  larva,  showing  the   mantle  in  process  of 

growing  back  over  the  peduncle ;  the  coelom  is  almost  entirely  confined  to 

the  mantle. 
Fig.  34.    Dorsal  view  of  one  of  the  oldest  free-swimming  larvae ;  the  mantle  has 

almost  entirely  covered  the  peduncle. 
Fig.  35.     Lateral  view  of  a  larva  of  the  same  stage  as  the  preceding,  showing 

apical  and  ventral  sense  plates  ( CG  and  SG),  dorso-ventral  extension  of 

enteron  and  greater  width  of  mantle  chamber  on  dorsal  side. 
Fig.  36.    Optical  section  in  longitudinal  frontal  plane  of  a  larva  of  the  same 

stage  as  the  preceding,  showing  apical  sense  plate  and  cerebral  ganglion  ; 

mantle  chamber  and  setae  sacs;  cephalic,  peduncular  and  mantle  coelom 

{Cc,  C/>,  Cm). 

Plate  VII. 

Fig.  37.    Section  of  an  embryo  of  the  stage  shown  in  Fig.  13,  showing  dark 

staining  granules  in  the  outer  ends  of  the  cells  and  yolk  spherules  in  the 

blastocoel. 
Fig.  38.    Section  of  an  embryo  of  the  stage  shown  in  Fig.  14. 
Figs.  39-42.    Four  transverse  sections  of  an  embryo  of  the  stage  shown  in  Fig* 

20 ;  Fig.  39  being  the  most  posterior  and  Fig.  42  the  most  anterior  section 

drawn. 
Figs.  42/z  and  42^.    Longitudinal  sections  through  an  embryo  of  about  the  same 

stage  as  is  shown  in  Figs.  39-42,  showing  the  formation  of  the  septum  which 

separates  the  enteron  from  the  enterocoel. 


Plate  VIII. 

Figs.  43-47.    Five  transverse  sections  of  a  larva  of  the  stage  shown  in    Fig. 

24 ;  Fig.  43  being  the  most  anterior  and  Fig.  47  the  most  posterior  section 

drawn, 
figs.  48-52.    Five  transverse  sections  of  a  larva  of  the  stage  shown  in  Fig. 

29;  Fig.  48  being  the  most  anterior  and  Fig.  52  the  most  posterior  section 

drawn. 
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Plate  IX. 

Figs.  53-55.  Three  obliqae  sections  from  the  dorsal  anterior  (DA)  to  the  ven- 
tral posterior  (  VP)  region  of  a  larva  of  the  stage  shown  in  Fig.  31  (the 
sections  are  nearly  in  the  plane  of  the  reference  line  from  £  in  Fig.  31 ). 

Figs*  56,  57.  Two  longitudinal  frontal  sections  of  a  lanra  of  the  same  stage  as 
the  preceding,  Fig.  56  being  ventral  to  Pig.  57. 

Fig.  58.  Longitudinal  sagittal  section  of  a  lanra  of  the  same  stage  as  the  pre- 
ceding; the  section  passes  through  both  the  apical  and  the  ventral  sense 
plates  (CGznd  SG). 


Plate  X. 

Figs.  59-64.  Six  transverse  sections  of  a  larva  of  the  stage  shown  in  Figs. 
34^36;  Fig.  59  being  the  most  anterior  and  Fig.  64  the  most  posterior  sec- 
tion drawn.  Fig.  59  passes  through  the  cephalic  region ;  Fig.  60  lies  just 
behind  the  anterior  mantle  furrow ;  Figs.  61-64  are  through  the  mantle  and 
peduncle. 
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THE  SPERMATOGENESIS  OF  ONISCUS  ASELLUS  LINN.* 

WITH    ESPECIAL    REFERENCE    TO    THE 

HISTORY  OF  THE  CHROMATIN.' 

BY  M.    LOUISE  NICHOLS. 

(Plates  XI-XVIII.) 

{Read  April  4,  190iS.) 

This  Study  was  begun  in  the  month  ol  February,  1899,  in  order 
to  ascertain  the  mode  of  origin  of  the  peculiar  spermatozoa  of  the 
land  Isopods.  I  have  now  completed,  so  far  as  I  am  able  at  the 
present  time,  the  investigation  undertaken  for  that  purpose.  Before 
entering,  however,  upon  a  description  of  my  observations,  I  wish, 
at  the  close  of  a  work  which  has  proved  both  interesting  and 
instructive,  to  express  my  gratitude  to  my  instructors.  Prof.  E.  G. 
Conklin  and  Prof.  Thomas  H.  Montgomery,  Jr.,  for  the  inspiration 
and  the  many  valuable  suggestions  which  have  aided  me  toward  its 
completion.  To  the  latter  I  am  particularly  indebted  for  his  help- 
ful criticism  concerning  the  earlier  stages  of  the  spermatogenesis. 

Methods. 

The  material  was  fixed  either  in  Flemming's  fluid,  Hermann's  fluid 
or  in  Gilson's  fluid  (acetic-nitric  sublimate).  It  was  stained  for 
the  most  part  with  iron  haematoxylin,  but  for  purposes  of  compari- 
son also  with  safl'ranin  and  malachite  green  (Wilcox)  (1895), 
saflranin  and  gentian  violet,  Delafleld's  hasmatoxylin  and  Bordeaux 
red,  and  with  the  Biondi-Ehrlich  triple  stain.  The  study  o(  the 
spermatozoa  was  also  pursued  by  teasing  apart  the  vas  deferens 
with  needles,  staining  the  fresh  material  with  haematoxylin  or  with 
acetic-methyl  green,  and  mounting  in  glycerin.  Permanent  mounts 
were  also  made  of  fixed  and  stained  material.  I  consider  Wilcox's 
double  stain  with  saflranin  and  malachite  green  to  be  a  valuable 
one,  for  the  reason  that  it  can  be  used  with  good  efiiect  on  material 
fixed  in  Flemming's  fluid.  It  gives  in  reality  a  triple  stain,  for  in 
successful  preparations  the  cytoplasmic  structures  stain  green, 
active  chromatin,  centrosomes  and  true  nucleoli  red,  while  resting 
chromatin  takes  a  purple  color.  Its  chief  disadvantage  is  that  it 
will  in  time  fade. 

^The  species  was  determined  by  means  of  the  works  of  Budde-Lund  (1885) 
and  of  Richardson  ( 1900).    The  species  is  also  known  as  O.  murarias,  Cuv. 
'  A  thesis  for  the  degree  of  Ph.D.  at  the  University  of  Pennsylvania. 
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I.  Structure  of  the  Male  Reproductive  Organs. 

The  male  reproductive  organs  of  the  land  Isopods  are  paired  and 
lie  on  either  side  of  the  tubular  intestine,  occupying  almost  the 
entire  length  of  the  thoracic  region. 

The  testis  consists  of  three  narrow  lobes,  which  are  attached  to 
the  body  musculature  by  slight  strands  of  tissue.  These  lobes  are 
distinct  from  each  other  and  open  successively  into  the  anterior 
expanded  portion  of  the  vas  deferens  (Fig.  i).  Posteriorly  the 
vas  deferens  narrows  to  a  more  slender  tube,  which  joins  its  fellow 
of  the  opposite  side  and  opens  through  the  penis,  which  is  unpaired 
and  is  said  by  Gerstaecker  (1882)  to  be  an  outgrowth  from  the 
seventh  thoracic  segment.  It  is  enclosed  by  the  modified  internal 
lamellae  of  the  first  abdominal  appendages  (Fig.  i). 

Sections  of  the  vas  deferens  (Fig.  3)  show  its  expanded  portion 
to  be  lined  with  cells  of  large  size,  which  possess  prominent 
spherical  nuclei.  The  nucleus  is  sometimes  surrounded  by  a  clear 
space,  varying  somewhat  in  size.  The  chromatin  is  in  the  form  of 
closely  crowded  granules.  Between  these  are  sometimes  other 
granules,  which  with  the  iron  haematoxylln  stain  are  less  deeply 
colored,  and  with  Bordeaux  red  and  Delafield's  haematoxylin  take 
a  red  tint.  The  periphery  of  the  latter  is  usually  darker  in  color. 
The  surrounding  cytoplasm  is  filled  with  particles  of  a  rounded 
shape,  which  take  cytoplasmic  stains  (Fig.  4a),  In  one  prepara- 
tion the  cytoplasm  of  these  cells  was  filled  with  particles,  not 
rounded  in  shape  but  thread-like,  and  taking  a  very  dark  stain  with 
iron  hgematoxylin.  The  chromatin  consisted  of  granules  of  varying 
size,  which  appeared  lighter  in  the  centre  and  possessed  a  darker 
margin  (Fig.  4^).  I  do  not  know  whether  there  is  any  connection 
between  the  particles  within  the  nucleus  and  those  without;  the 
subject  might  possibly  repay  further  research.  The  appearance  of 
these  cells  suggests  strongly  that  they  have  a  secretory  function  ;  no 
doubt  the  fluid  which  bathes  the  spermatozoa  is  produced  by  them. 
They  are  more  abundant  at  those  places  where  the  follicles  open 
into  the  vas  deferens  and  grow  more  scarce  in  the  region  where  the 
narrow  portion  of  the  vas  commences  (Fig.  3).  Between  them  are 
to  be  seen  nuclei  of  smaller  size,  whose  chromatin  is  not  so 
distinctly  and  regularly  granular.  These  lie  in  a  cytoplasmic  reti- 
culum of  a  coarse  mesh,  without  well-defined  cell  boundaries  and 
containing  no  granules.     This  tissue  apparently  forms  a  supporting 
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membrane  for  the  secretory  cells.  It  is  continuous  with  the  layer 
of  cells  which  line  the  narrow  portion  of  the  vas  deferens  and  is 
similar  to  it  in  structure  (Fig.  3).  The  narrow  portion  of  the  vas, 
as  a  rule,  is  covered  externally  by  dark  pigment,  thus  forming  a 
marked  contrast  in  the  fresh  state  to  the  milk-white  walls  of  the 
anterior  portion  (Fig.  i).  Between  the  pigment  layer  and  the 
lining  cells,  delicate  muscle-fibres  are  occasionally  discernible. 

The  three  lobes  of  the  testis  are  seen  in  section  to  be  three  folli- 
cles (Fig.  2).  Each  follicle  is  covered  by  a  thin  membrane  which 
is  provided  with  delicate  muscle-fibres  (Fig.  5/«,  /).  The  margins 
of  the  follicle  are  occupied  by  large  nuclei  of  unsymmetrical  outline, 
containing  irregular  blocks  of  chromatin  interspersed  with  finer 
granules.  Cell  boundaries  between  these  nuclei  are  not  visible. 
They  can  sometimes  be  seen  to  be  undergoing  amitotic  division,  of 
a  character  similar  to  that  described  by  vom  Rath  (1891)  for 
Astacus  (Fig.  5/,  c).  In  ibllicles  of  a  certain  stage  of  development 
these  nuclei,  as  will  be  explained  later,  are  subject  to  degeneration. 

The  strands  of  tissue,  by  means  of  which  the  follicles  are 
suspended  from  the  body  wall,  are  made  up  of  cells  which  also 
divide  amitotically  and  which  are  similiar  in  appearance  to  the 
follicle  nuclei,  inasmuch  as  their  outlines  are  irregular,  but  the 
blocks  of  chromatin  are  of  larger  size  and  the  nuclei  are  separated 
from  each  other  by  distinct  cell  walls  (Fig.  6). 

The  interior  of  the  follicle,  except  during  the  migration  of  the 
follicle  cells,  is  occupied  entirely  by  the  germ  cells,  which  are  in 
differing  stages  of  development  in  the  three  follicles  of  one  side. 
Corresponding  follicles  of  opposite  sides  of  the  body  contain,  how- 
ever, germ  cells  which  have  developed  to  very  nearly  the  same 
degree. 

Fig.  2  shows,  in  a  typical  case,  the  comparative  degrees  of  devel- 
opment to  which  the  cells  of  the  three  follicles  have  attained.  Each 
follicle  may  be  divided  into  two  principal  regions  of  growth,  com- 
posed of  cells  of  different  generations  and  of  different  degrees  of 
development.  Thus,  in  the  most  posterior  of  the  follicles  {a),  the 
apical  third  is  occupied  exclusively  by  spermatogonia,  some  of 
which  can  be  seen  in  mitosis ;  the  basal  region,  on  the  other  hand, 
by  spermatids  in  a  not  very  advanced  stage.  Follicle  cells  occur 
on  the  outside  of  the  follicle,  being  especially  abundant  in  the  basal 
region.  In  the  adjacent  follicle  (^),  the  apical  two-thirds  is  occu- 
pied by  cells  in  the  synapsis  stage,  the  remaining  portion  by  sper- 
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matids  in  a  stage  of  development  later  than  that  of  follicle  (a). 
Along  the  margin  of  the  follicle  are  found  scattered  small  groups  of 
spermatagonia  (Fig.  2,  spg).  The  third  and  most  anterior  follicle 
(r)  contains  chiefly  spermatocytes  in  a  late  prophase.  Groups  of 
spermatogonia  similiar  to  those  of  follicle  {b)  are  here  also  found 
scattered  along  the  margin  and  nearly  filling  the  extreme  apical 
portion.  The  follicle  cells  in  the  basal  region  are  undergoing  not 
only  active  amitotic  division,  but  to  a  certain  extent  degeneration 
(Fig.  5).  Their  active  multiplication  or  fragmentation  causes  them 
to  crowd  in  toward  the  axis  of  the  follicle. 

From  a  comparison  of  the  extent  of  these  growth  regions  in  the 
three  follicles,  the  developmental  cycle  may  be  conceived  somewhat 
as  follows.  The  spermatozoa,  when  fully  formed,  are  forced  into 
the  vas  deferens.  Since  they  have  no  motion  of  their  own,  this  is 
probably  caused  by  the  contraction  of  the  muscle  lajrer  of  the  folli- 
cle, perhaps  assisted  by  the  pressure  of  the  growing  cells  in  the 
apical  region.  During  this  process,  the  spermatogonia  in  the  apical 
portion  of  the  follicle  divide  and  come  to  fill  the  space  left  vacant 
by  the  discharged  sperm.  The  rate  at  which  this  replacement  takes 
place  and  the  comparative  development  of  the  cells  in  the  two 
regions  may  vary  in  different  follicles,  for  I  have  preparations  in 
which  few  or  no  spermatozoa  are  seen — in  other  words,  most  of  them 
had  probably  been  discharged,  and  at  the  same  time  the  replacing 
spermatogonia  are  scattered  and  few  in  number.  In  others,  as  is 
shown  in  the  diagram  (Fig.  2^),  the  spermatozoa,  in  an  early  stage 
of  development,  occupy  the  basal  portion  of  the  follicle,  while  the 
apical  portion  is  packed  with  spermatogonia.  The  majority  of  the 
spermatogonia  thus  filling  up  the  follicle  proceed  in  their  develop- 
ment, while  the  remainder  form  the  groups  of  cells  along  the  margin 
of  the  follicle  already  described  in  follicles  {b)  and  (r),  and  which 
are  destined  later  to  again  supply  a  new  generation  of  cells.  The 
spermatids  also  proceed  in  development  and  are  forced  into  the  vas 
deferens.  A  condition  like  that  represented  in  diagram  (Jf)  (Fig.  2) 
thus  arises — the  basal  region  filled  with  spermatozoa  in  a  late  stage 
about  to  pass  into  the  vas  deferens  and  the  apical  region  with  cells 
which  have  progressed  as  far  as  the  synapsis  stage.  Later,  the 
spermatozoa  having  been  completely  discharged,  the  cells  of  the 
apical  region  come  to  occupy  the  basal  part  of  the  follicle,  being 
now  less  compactly  pressed  together  (Fig.  2r).  Their  development 
progresses  until,  having  become  mature  spermatozoa,  they  pass  into 
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the  vas  deferens,  the  spermatogonia  again  fill  the  apical  region,  and 
the  cycle  is  repeated. 

The  invasion  of  the  follicle  cells  begins,  as  a  rule,  when  the  germ 
cells  are  in  an  advanced  prophase  and  may  continue  later.  Many 
of  the  germ  cells  likewise  degenerate,  and  they,  together  with  the 
follicle  cells,  form  a  disintegrated  mass  in  which  the  spermatids  lie. 
In  young  follicles,  which  have  not  as  yet  matured  sperm,  the  basal 
region  is  filled  with  follicle  cells,  the  apical  region  with  spermato- 
gonia. This  is  sometimes  true  also  of  older  follicles  which  have 
recently  discharged  the  sperm. 

It  will  thus  be  seen  that  a  series  of  stages,  illustrating  the  com- 
plete history  of  the  changes  through  which  the  germ  cell  pass,  can 
be  obtained  only  by  an  examination  of  numerous  testes.  Dupli- 
cates are  often  obtained  and  some  of  the  stages  occur  very  infre- 
quently, probably  owing  to  a  greater  rapidity  of  development  at 
certain  periods. 

This  study  was  begun  in  the  latter  part  of  February.  In  March 
or  April,  according  to  the  rigor  of  the  weather,  the  land  Isopods 
in  the  vicinity  of  Philadelphia  commence  to  breed.  The  breeding 
season  continues  during  the  summer  months.  There  are,  in  a  single 
year,  several  cycles  of  development  of  the  reproductive  elements ; 
the  exact  number  I  have  not  determined.  It  is  therefore  pos- 
sible, at  almost  any  time  of  year,  by  examination  of  a  sufficient 
number  of  individuals,  to  procure  a  complete  series  of  develop- 
mental stages. 

II.  Spermatogenesis. 
z.  Spermatogonia, 

The  resting  spermatogonia  are  distinguished  from  the  follicle 
cells  by  their  smaller  size,  the  distinctness  of  the  cell  walls,  and  by 
the  fact  that  in  their  nuclei  the  chromatin  masses  are  of  smaller 
size  and  show  indications  of  an  arrangement  into  a  network  (Fig. 
\\a).  They  possess  a  prominent  true  nucleolus  of  more  or  less 
rounded  form.    Some  cells  contain  one  or  more  smaller  nucleoli. 

It  is  impossible  to  determine  the  exact  number  of  spermatogonic 
divisions.  They  are  probably  numerous,  since  it  must  require  a 
considerable  number  of  divisions  of  the  spermatogonia  remaining 
in  the  follicles  to  fill  the  space  left  vacant  by  the  discharged  sperm. 
The  cells  vary  somewhat  in  size.  When  the  apical  region  of  the 
follicle  is  filled  with  spermatogonia  the  individual  cells  arc  small, 
but  when  the  follicle  is  not  well  filled  and  the  spermatogonia  are 
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beginning  the  task  of  producing  a  new  generation,  individual  cells 
often  equal  the  spermatocytes  in  size  (Figs.  lo  and  13).  In  the 
cytoplasm  are  occasionally  seen  irregular  masses  of  a  dull  brown 
tint  (yoIk?)y  but  neither  sphere  substance  nor  centrosomes  are 
apparent  in  the  resting  cell. 

In   nuclei  preparing  to  divide,   the  chromatin   is  seen  to  be 
arranged  in  the  form  of  slender,  elongated  threads,  which,  so  ^  as 
I  have  been  able  to  discover,  in  no  case  form  a  continuous  spireme 
(Fig.  7).     In  the  cytoplasm  surrounding  a  nucleus  of  this  character 
are  visible  two  minute  black  specks  joined  by  a  delicate  thread, 
presumably  the  centrosome  undergoing  division.      The    nuclear 
membrane  at  this  stage  begins  to  fade.     Figs.  8,  9  and  10  show 
stages  immediately  succeeding  the  stage  shown  in  Fig.   7.     The 
threads  have  become  shorter  and  thicker,  the  nuclear  membrane  has 
entirely  disappeared,  and  the  centrosomes  have  become  more  widely 
separated.    The   amount  of  segmentation  of  the  thread  varies  in 
different  cells.     In  Fig.  11^  is  shown  a  nucleus  in  which  very  little 
segmentation  has  taken  place,  although  the  thread  is  considerably 
thicker  than  that  shown  in  Fig.  7.     The  linin  threads  joining  the 
chromosomes  are  of  extreme  delicacy  and  diflScult  to  discover. 
Occasionally,  however,  (Fig.  9)  fine  fibres  may  be  seen  stretching 
from  one  chromatin  thread  to  the  next.     The  shortened  and  thick- 
ened chromosomes  then  arrange  themselves  into  an  equatorial  plate 
(Fig.  12).     The  appearance  of  the  plate,  both  in  side  and  in  pole 
view,  is  irregular.     The  division  of  the  chromosome  into  chromo* 
meres  and  their  longitudinal  division  is  visible  only  in  very  thin 
sections,  which    have  been  stained  with  iron  hsematoxylin  and 
rather    strongly  decolorized    (Fig.    14).    The  centrosomes  and 
spindle-fibres  of  the  spermatogonic,  mitotic  figure  are  not  quite  so 
prominent  as  those  of  the  spermatocytic  divisions.     The  same  is  true 
of  the  polar  radiations.    Central  spindle-fibres  are  apparently  entirely 
lacking.     After  splitting  of  the  chromosomes  the  halves  diverge,  in 
the  manner  of  the  two  legs  of  a  pair  of  compasses,  the  divergence 
commencing  at  one  end,  while  at  the  other  end  the  two  halves 
remain  in  contact  (Fig.  15). 

A  still  later  anaphase  is  shown  in  Fig.  17.  The  chromosomes 
have  become  massed  together,  the  spindle-fibres  are  beginning  to 
disappear  and  the  centrosomes  are  almost  lost  to  sight.  The  con- 
striction of  the  cell  body,  observable  to  a  slight  degree  at  this 
stage,  becomes  more  marked  and  a  membrane  comes  to  separate 
the  two  daughter  cells  (Fig.  19). 
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The  reconstruction  of  the  nucleus  consists  of  the  breaking  up  of 
the  chromosomes  into  fine  granules,  which  are  connected  by  linin 
threads  of  great  delicacy,  and  in  the  development  of  a  nuclear 
membrane  (Figs.  19,  20,  21).  The  change  in  chemical  composi- 
tion  of  the  chromatin  is  indicated  in  sections  stained  with  saffranin 
and  gentian  violet  by  a  gradual  change  in  color  from  red  to  blue. 
As  the  cell  body  constricts  slight  thickenings  are  discoverable  on 
the  connective  spindle-fibres  in  the  equator  (Fig.  18),  which,  as  the 
constriction  proceeds,  grow  fewer  in  number  and  more  conspicuous 
in  size  until  they  are  finally  reduced  to  a  single  large  swelling,  from 
which  radiate  the  spindle-fibres,  by  this  time  grown  faint  (Fig.  19). 
At  a  stage  a  little  later  than  the  one  just  described  I  have  occa- 
sionally seen  a  small  black  body  wedged  in  the  angle  between  the 
daughter  cells  (Fig.  20).  Its  appearance  is  similar  to  the  "  Flem- 
mingscher  Korper"  described  by  Hoffmann  (1898)  ior  Limax 
maximus  (see  his  Figs.  31,  32,  33)  and  strikingly  like  that  of  the 
rabbit  described  by  von  Winiwarter  (1900,  Figs.  9  and  10). 

2,    Growth  Period, 

The  anaphase  of  the  last  spermatogonic  division  is  decidedly 
different  from  that  just  described.  The  chromatin  threads  lie 
massed  together  and  entangled  near  the  centre  of  the  cell  (synap- 
sis). They  are  surrounded  by  a  clear  space  bridged  over  by 
slender  acromatic  fibres,  which  connect  the  chromatin  threads 
with  a  narrow  layer  of  cytoplasm  lying  close  to  the  cell  wall.  No 
trace  of  centrosome  or  sphere  substance  (idiozome)  is  discoverable 
(Fig.  22).  The  chromosomes  now  spread  apart,  although  still 
connected  by  strands  of  linin.  They  are  seen  to  be  for  the  most 
part  V-shaped.  The  chromatin  granules  are  rather  irregularly  dis- 
tributed, being  frequently  massed  together  in  lumps  (Fig.  24). 

In  a  thin  section  of  a  cell  at  a  stage  slightly  later  than  this  there 
appeared  a  minute  black  dot,  surrounded  by  a  vaguely  defined 
area,  slightly  more  dense  than  the  rest  of  the  cytoplasm  (Fig.  23). 
I  hesitate  to  attach  importance  to  this,  as  it  occurred  in  very  few 
cases. 

The  threads  now  elongate,  and  during  this  process  the  granules 
of  which  they  are  made  up  divide,  so  that  the  thread  becomes 
longitudinally  split.  The  granules  apparently  do  not  divide  simul- 
taneously. Even  in  the  same  thread  some  of  them  show  division, 
while  others  remain  entire  (Fig.  25).     The  split  is  to  be  seen  with 
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the  greatest  clearness  in  sections  stained  with  iron  haematoxylin 
and  strongly  decolorized*  The  chromosomes  are  very  irregularly 
distributed,  only  occasionally  a  part  of  them,  six  or  seven,  may  be 
grouped  with  reference  to  a  central  point.  Of  the  entire  number 
of  chromosomes  present  it  is  difficult  to  be  certain,  owing  to 
the  fact  that  they  overlie  each  other  so  closely.  The  number, 
however,  is  certainly  less  than  that  present  in  the  spermatogonia 
and  not  greater  than  sixteen  (Fig.  36).  The  reduction  in  the 
number  of  chromosomes,  therefore,  apparently  takes  place  at  this 
stage,  and  the  V-shape  so  prevalent  is  due  to  the  approximation  of 
two  chromosomes  to  form  a  single  bivalent  one.  The  place  of 
union  is  frequently  covered  by  chromatin,  but  a  connection  of 
linin  can  sometimes  be  discovered  (Fig.  37).  This  figure  also 
shows  the  varying  angle  at  which  the  univalent  chromosomes  may 
approach  each  other.  Occasionally  they  may  even  form  a  complete 
ring. 

The  threads  become  more  and  more  attenuated  (Fig.  28),  and 
finally  by  anastomosis  are  transferred  into  the  nuclear  reticulum  of 
the  resting  spermatocyte  (Fig.  30).  During  the  elongation  of  the 
chromosomes  the  chromatin  granules  divide  and  redivide  (Figs. 
33-28),  so  that  they  become  very  numerous,  and  as  the  elongation 
progresses  the  longitudinal  split  becomes  less  easily  discoverable, 
until  in  the  resting  cell  it  can  no  longer  be  made  out.  Cells  are 
sometimes  seen  in  which,  just  before  the  formation  of  the  nuclear 
membrane,  the  network  lies  to  one  side,  being  connected  by  slight  . 
strands  of  linin  with  the  surrounding  cytoplasm  (Fig.  31). 

The  fact  that  the  chromosomes  remain  distinct  until  just  before 
the  formation  of  the  nuclear  membrane  points  to  a  maintenance  of 
their  individuality  in  the  resting  cell. 

The  nuclear  membrane  appears  to  form  as  a  condensation  of 
achromatic  substance,  upon  which  later  appear  granules  staining 
deep  blue  with  haematoxylin  (Fig.  39). 

A  peculiar  fact  with  reference  to  the  last  spermatogonic  division 
has  struck  my  attention  and  I  have  been  unable  to  explain  it  very 
satisfactorily.  It  will  be  seen  from  Fig.  2  that  nearly  all  the  cells 
in  the  apical  portion  of  follicle  (^)  are  in  the  synapsis  stage.  It 
might  be  supposed  from  this  that  sections  would  be  obtained  of 
follicles  filled  apically  with  the  spindles  of  the  last  spermatogonic 
division.  Such  a  condition,  however,  I  have  never  found,  although 
I  have  examined  a  large  number  of  testes  at  different  seasons  of  the 
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year.  The  karyokinetic  figures  of  the  spermatogonia  are  always 
scattered  and  it  is  impossible  to  distinguish  between  the  early  and 
late  ones. 

^.   The  Maturation  Divisions, 

In  preparing  for  the  first  maturation  division  the  meshes  of  the 
nuclear  network  become  coarser,  the  granules  more  distinct  and 
aggregated  into  separate  threads,  joined  together  by  linin  (Figs. 
32-36).  The  manner  of  their  origin  again  lends  support  to  the 
view  concerning  their  individuality  in  the  resting  cell.  A  still 
greater  condensation  of  the  granules  leads  to  a  shortening  and 
thickening  of  the  chromosomes  (Figs.  37  and  38),  the  final  result 
of  which  is  the  production  of  sixteen  compact  masses  of  chromatin, 
still  connected  by  linin  threads  (Fig.  44).  Condensation  does  not 
proceed  at  an  equal  rate  in  all  the  chromosomes  of  a  nucleus. 
Fig.  45^5  shows  a  small  portion  of  a  nucleus  in  which  lie  side  by 
side  two  chromosomes,  in  one  of  which  the  final  dumbbell-shape  is 
almost  completed,  while  in  the  other  the  condensation  of  the  chro- 
matin is  but  little  advanced.  These  sixteen  masses  are  of  various 
forms.  Some  are  dumbbell-shaped,  two  spheres  of  chromatin 
joined  by  linin ;  some  are  crescent-shaped  and  still  others  are  more 
or  less  complete  rings  (Figs.  39-45).  The  different  forms  may 
occur  in  the  same  nucleus,  but  apparently  without  constancy  in  the 
ratio  of  relative  frequency  of  occurrence.  The  dumbbell-shape, 
straight  or  slightly  curved,  is  abundant,  some  cells  containing  no 
complete  rings  (Fig.  41).  Other  cells  contain  a  comparatively 
large  number  of  rings  or  crescents  (Figs.  39  and  40). 

Two  main  t)rpes  may  be  distinguished  among  the  chromosomes 
according  to  their  structure  and  mode  of  origin — ^1.^.,  (i)  those 
in  which  the  bivalent  chromosome  consists  of  two  univalent  chro- 
mosomes lying  end  to  end,  as  in  those  having  the  dumbbell-shape, 
and  (2)  those  in  which  the  univalent  chromosomes  lie  side  by  side, 
as  in  those  arising  through  a  ring  or  narrow  V-shape.  A  form  in- 
termediate between  these  is  represented  by  those  having  a  crescent- 
shape.  The  different  types  and  their  probable  mode  of  origin  are 
shown  in  the  diagram  (Fig.  68a,  ^,  c).  It  is  interesting  to  note 
that  these  types  can  be  distinguished  in  the  synapsis  stage  (Fig.  27), 
although  they  are  here  not  so  well  marked  as  in  the  prophases  of 
the  first  maturation  division. 

In  cells  stained  with  iron  hsematoxylin,  which  have  been  strongly 
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decolorized,  a  longitudinal  split  is  evident  and  likewise  a  division 
of  the  chromosome  into  chromomeres.  If  the  chromosome  is  of 
the  second  type  and  seen  from  above,  two  of  the  chromomeres  will 
be  seen  longitudinally  split  (Fig.  46;  cf.  Fig.  53).  An  end  view  of 
a  chromosome  of  the  first  type  shows  simply  a  single  chromomere 
longitudinally  split  (Fig.  59). 

Linin  connections  between  the  chromosomes  are  much  more  evi- 
dent than  in  the  spermatogonia,  and  they  can  be  seen  to  extend 
from  the- sides  as  well  as  the  ends  of  the  chromosomes. 

With  regard  to  the  origin  of  the  first  maturation  spindle-fibres  it 
is  difiicult  to  be  certain,  but  they  appear  to  arise,  at  least  in  part, 
from  within  the  nucleus.  The  centrosome  is  not  evident  until  a 
rather  late  prophase  (Figs.  39,  40,  43).  In  many  cases  it  lies 
within  a  more  densely  staining  mass  of  cytoplasm  of  ill-defined  out- 
line applied  close  to  the  nucleus  (sphere,  substance,  idiozome  of 
Meves)  (1898)  (Figs.  39^,  43).  This  is  not,  however,  invariably 
the  case,  as  may  be  seen  from  Figs.  40,  39^,  where  the  centrosomes 
lie  freely  in  the  cytoplasm.  Fig.  38^  perhaps  represents  an  early 
stage  in  the  development  of  the  sphere  substance.  In  the  two 
adjacent  cells  (Fig.  38^  and  38^)  are  shown  rounded  bodies  of  a 
dull  tint  lying  within  clear  vacuoles.  I  met  these  in  but  one 
preparation  and  am  unable  satisfactorily  to  interpret  them.  The 
division  of  the  centrosome  and  the  formation  of  the  spindle  is 
shown  in  Figs.  46,  47,  48,  52.  The  centrosomes  and  spindle-fibres, 
as  well  as  the  polar  radiations,  are  more  prominent  than  in  the 
spermatogonic  spindles.  During  this  time  the  sphere  substance 
disappears. 

In  the  equatorial  plate  the  chromosomes  become  arranged  with 
the  longitudinal  split  parallel  to  the  axis  of  the  spindle  in  the  case 
of  chromosomes  of  the  first  type,  but  at  right  angles  to  it  or  nearly 
so  in  the  case  of  chromosomes  of  the  second  type  (Figs.  49,  50  and 
53).  In  Figs.  55  and  56  arc  represented  pole  views  of  both  types 
of  chromosomes.  It  may  be  gathered  from  these,  as  well  as  from 
the  figures  of  the  prophases,  that  chromosomes  of  the  second  type 
are  not  nearly  so  numerous  as  those  of  the  first  nor  so  numerous  as 
those  of  the  intermediate  type. 

From  what  has  been  said  with  regard  to  the  origin  of  the  chro- 
mosomes, it  will  be  seen  that  in  the  metaphase  the  bivalent  chromo- 
somes are  separated  into  their  univalent  components,  and  conse- 
quently the  ^rsf  division  is  one  of  reduction. 
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A  well-marked  mid-body  is  visible  in  the  late  anaphase  (Fig. 
6 1  a).  The  interzonal  fibres  are  sharply  constricted  and  oftentimes 
the  nuclei  completely  separated  before  a  cell  wall  makes  its  appear- 
ance. In  stages  like  this  a  noticeable  bending  of  the  fibres  is  often 
observed.     This  is  slightly  evident  in  Fig.  6ia. 

Apparently  the  plane  of  the  second  spermatocytic  division  is  to 
be  at  right  angles  to  the  first,  if  Figs.  6ia  and  6i^  are  interpreted 
as  early  stages  in  the  formation  of  the  equatorial  plate  of  the  second 
spermatocyte. 

The  equatorial  plate  of  the  second  spermatocytic  division  is 
shown  in  lateral  view  in  Fig.  6a.  The  length  of  the  chromosomes 
is  less  than  that  of  the  chromosomes  of  the  first  spermatocytic 
division.  The  question  as  to  whether  the  second  division  is  actu- 
ally equational  is  difficult  to  decide.  The  chromosomes  of  the 
first  maturation  figure,  consisting  of  a  double  row  of  four  granules, 
are  separated  by  karyokinesis  into  halves,  and  each  half  contains  a 
double  row  of  two  granules  (Fig.  58),  It  thus  has  the  appearance, 
although  only  the  appearance,  of  a  true  tetrad.  It  will  be  seen 
that  some  of  these  daughter  chromosomes  have  a  length  equal  to 
their  width,  whereas  in  others  the  length  is  slightly  greater  than 
the  width.  If  we  turn  to  the  fully-formed  spindle  of  the  second 
division  (Figs.  6a,  62,)  we  find  similar  phenomena.  It  might  be 
argued  from  these  appearances  that  the  second  division  is  also 
reducing.  In  view,  however,  of  the  weight  of  evidence  in  favor  of 
both  methods  of  division  (equation  and  reduction)  being  necessary 
to  the  maturation  of  the  sexual  cells  among  the  Arthropods,  I  hesi- 
tate to  accept  this  interpretation  without  further  corroborative 
evidence.  When  the  length  of  the  chromosomes  is  equal  to  their 
breadth,  it  is  obviously  as  impossible  to  decide  here  concerning  the 
plane  of  division  as  in  the  case  of  the  true  tetrads  of  the  Copepods, 
Canthocamptus^  Heterocope  or  Diaptamus,  If  the  length  is  greater, 
as  in  the  anaphase,  the  appearance  might  be  referred  to  the  elonga- 
tion of  the  mother  chromosome  (Figs.  49,  51,  53),  some  of  the 
daughter  chromosomes  not  having  recovered  from  the  stretching 
apart  of  the  chromatin  in  the  metaphase.  The  apparently  greater 
length  of  some  of  the  chromosomes  in  the  spindle  of  the  second 
division  (Fig.  63)  may  be  explained  by  the  assumption  that  some 
of  the  chromosomes  commence  to  divide  earlier  than  others,  and 
consequently  become  elongated,  an  assumption  which  is  not  with- 
out parallel  in  the  first  spermatocytic  and  especially  in  the  sperma- 
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togonic  divisions  (Fig.  15).  In  Fig.  61,  a  stage  intermediate 
between  58  and  62,  some  of  the  chromosomes  likewise  appear  of 
greater  length  than  others.  It  might  be  supposed  that  the  longer 
ones  represent  the  side  view,  the  shorter  ones  the  end  view,  of  the 
chromosomes.  This  need  not,  however,  necessarily  be  the  case, 
for  the  chromosomes  vary  amongst  themselves  in  size  (Fig.  58  and 
previous  figures).  It  is  possible,  too,  that  in  some  cases  the  chro- 
mosomes are  seen  slightly  foreshortened  and  that  their  true  dimen- 
sions do  not  appear  in  the  figure.  I  feel  it,  therefore,  impossible 
to  ascertain  with  the  desired  degree  of  certainty  the  plane  of  the 
second  spermatocytic  division. 

In  the  late  anaphase  (Fig.  66)  the  chromosomes  are  more  or  less 
indistinguishably  massed  together.  On  each  of  the  interzonal 
fibres  in  the  equator  is  a  minute  swelling.  These  become  reduced 
in  cumber  (Fig.  67).* 

4.  Metamorphosis  of  the  Spermatids, 

The  chromosomes  spread  apart,  a  nuclear  membrane  is  developed 
and  the  daughter  cells  become  the  spermatids.  The  gradual  con- 
version of  the  chromosomes  into  a  fine  reticulum  is  illustrated  in 
Figs.  69  and  70. 

The  nucleus  now  commences  to  elongate  at  one  end  (Fig.  72), 
and  this  continues  until  the  entire  nucleus  is  transformed  into  a 
shape  somewhat  like  that  of  a  narrow  flask  (Fig.  74).  The  nuclear 
network  is  extremely  delicate  and  takes  the  iron  haematoxylin  stain 
more  faintly  than  previously.  In  cross  section  (Fig.  74^)  numer- 
ous fine  dots  appear  interspersed  with  clear  areas  (vacuoles).  This 
vacuolated  appearance  is  sometimes  evident  at  an  earlier  stage 

(Fig.  71). 

During  the  transformation  of  the  nuclei  the  cell  boundaries  have 
entirely  disappeared  and  the  nuclei  lie  in  a  common  mass  of  cyto- 
plasm. Several  of  them  become  associated  together,  and  their 
extremities,  elongated  into  slender  threads,  are  surrounded  by  a 
clear,  homogeneous,  well-defined  area  of  cytoplasm,  while  the 
more  or  less  contorted  bodies  of  the  nuclei  still  lie  in  an  undefined 
mass  of  cytoplasm  (Fig.  77^). 

A  cytoplasmic  thread  of  extreme  delicacy  can  be  traced  from  the 

^  During  the  examination  of  the  foregoing  stages  I  have  seen  nothing  similar 
to  the  accessory  chromosome  (chromatin  nucleolus)  of  insects,  as  described  by 
Montgomery  (1898)  and  Paulmier  (1899). 
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slender  extremity  of  each  nucleus  for  some  distance  into  the  clear, 
homogeneous  area  (Fig.  77a).  At  this  stage  also  there  can  be 
clearly  seen  in  the  undefined  mass  of  cytoplasm  a  bundle  of  fibres^ 
which  run  in  between  the  nuclei,  but  which  cannot  be  seen  to  have 
any  connection  with  them.  I  have  a  preparation  of  a  stage,  earlier 
than  that  just  described,  stained  with  haematoxylin  and  Bordeaux 
red,  in  which  these  striations  appear,  near  the  margin  of  the  follicle 
(Fig.  73).  So  early  a  development  of  the  fibres  is  rather  unusual. 
The  fibres  are  here  apparently  incomplete  and  not  massed  together 
as  they  later  are.  On  account  of  their  indistinctness  it  is  difficult 
to  say  whether  or  not  they  are  independent  of  the  nuclei.  At  first 
sight  it  might  appear  as  if  they  were  continuous,  but  it  is  impossi- 
ble to  state  definitely  that  this  is  so  because  of  the  impracticability 
of  tracing  a  single  fibre  for  any  great  distance. 

The  further  changes  in  the  nuclei  consist  in  their  gradual  elonga- 
tion into  filaments,  in  which  the  network  has  entirely  disappeared 
and  which  have  acquired  the  power  to  take  a  vivid  and  homogene- 
ous stain.  Their  free  ends,  at  first  divergent,  gradually  approach 
each  other  and  finally  come  to  lie  close  together  (Figs.  77-79,  85 
and  S6).  In  regions  of  the  follicle  where  the  cells  are  closely 
crowded  together  the  nucleus  is  often  seen  to  be  bent  or  coiled 
upon  itself  (Fig.  83). 

There  is  at  first  a  small  quantity  of  cytoplasm  around  the  nuclei, 
but  as  they  increase  in  length  this  disappears.  The  cytoplasmic 
fibres  also  increase  in  length  at  the  expense  of  the  surrounding 
cytoplasm.  Their  length,  indeed,  becomes  truly  marvelous,  many 
times  exceeding  that  of  the  nuclei.  They  crowd  in  between  the 
follicle  cells  (Fig.  2)  and  in  cross  sections  of  the  follicle  can  be 
seen  in  great  numbers  around  the  margin.  From  the  anterior  end 
of  the  bundle  is  developed  a  slender  flagellum  (Figs.  85,  86).  The 
entire  bundle  has  the  appearance  at  first  sight  of  a  single  sper- 
matozoon, and  such  I  thought  it  before  having  studied  its  develop- 
ment. 

The  term  "  spermatophore  "  has  been  applied  by  Gilson  to  the 
bundle.  This  term,  however,  has  been  used  by  Grobben  and  others 
to  designate  an  envelope  secreted  by  the  cells  of  the  vas  deferens 
(in  the  Decapods)  and  surrounding  a  mass  of  spermatozoa.  It 
does  not,  therefore,  seem  applicable  to  the  bundle  of  spermatozoa 
found  in  the  Oniscidas.  Ballowitz  applies  the  term  "spermozeugma** 
to  a  large  bundle  of  double  spermatozoa  found  in  the  vas  deferens 
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of  the  Dytiscid,  Colymbetes  striatus.  These  adhere  together  after 
having  reached  maturity.  Their  structure  and  mode  of  origin  is, 
therefore,  not  the  same  as  that  of  the  bundles  of  Oniscus.  The 
term  "compound  spermatozoon"  has  been  suggested  to  me,  but 
the  word  spermatozoon  might  carry  with  it  certain  implications 
with  regard  to  behavior  in  fertilization.  I  prefer,  therefore,  to  use 
the  term  sperm  colony,  at  least  until  a  better  one  offers  itself. 
Gilson  uses  this  term  also,  although  not  so  generally  as  the  word 
*  *  spermatophore.  *  * 

The  number  of  nuclei  entering  a  colony  varies  within  rather 
wide  limits.  I  have  counted  as  few  as  six  and  also  as  many  as  four- 
teen. In  cross  sections  stained  with  safTranin  and  malachite  green, 
they  are  seen  as  red  bodies  surrounding  a  central  mass  of  green 
dots,  the  sections  of  the  cytoplasmic  fibrils  {Yig,  80).  The  red 
dots  diminish  in  size  toward  the  anterior  end  of  the  bundle,  and 
at  one  point  can  be  seen  merging  directly  into  delicate  green 
threads  (Fig.  80^).  At  the  extreme  anterior  end  of  the  bundle  the 
delicate  green  threads  alone  will  be  cut  (Fig.  80a).  It  might  be 
supposed  that  the  bundle  of  cytoplasmic  fibres  previously  described 
are  the  tails  of  the  spermatozoa.  If  they  are  really  the  tails  of  the 
spermatozoa,  one  would  expect  to  find  them  at  some  place  con- 
nected with  the  nuclei,  or  with  the  delicate  fibres  which  can  be 
demonstrated  to  be  continuous  with  the  nuclei.  A  comparison  of 
sections  obtained  at  different  levels  seems  to  leave  but  two  alterna- 
tives :  either  the  long  bundle  of  cytoplasmic  fibres  stops  abruptly 
before  the  anterior  end  of  the  colony  is  reached,  or  the  connection 
is  of  so  tenuous  a  character  as  to  escape  observation.  In  structures 
of  such  minuteness  the  latter  might  easily  be  the  case. 

A  point  bearing  on  this  matter,  and  therefore  of  interest  to  deter- 
mine, is  the  number  of  cytoplasmic  fibres  as  compared  with  the 
number  of  nuclei.  Attempts  to  determine  this  might  be  made  in 
two  ways.  The  mature  sperm  colonies  taken  from  the  vas  and 
teased  apart  might  be  examined  and  an  attempt  made  to  count  the 
fibres  at  the  frayed  end  of  the  bundle,  or  one  might  try  to  count 
the  number  as  seen  in  cross  sections.  By  either  method  it  is  diffi- 
cult to  be  sure  of  an  accurate  count,  for  in  the  frayed  ends  of  col- 
onies one  or  more  of  the  fibres  may  adhere  together.  In  cross 
sections  the  fibres  appear  as  minute  dots,  as  a  rule,  closely  crowded 
together.  Occasionally  they  may  be  more  loosely  distributed. 
Fig.  81^  represents  a  cell  of  this  sort  in  which  the  number  of  cyto- 
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plasmic  fibres  equals  that  of  the  nuclei.  I  cannot  be  certain  that 
this  is  invariably  the  case.  With  the  iron  haematoxylin  stain  the 
bundle  of  cytoplasmic  fibres  stains  deeply,  like  the  nucleus,  and  it 
is  therefore  impossible  to  distinguish  between  them  in  cross  section 
where  both  appear.  The  delicate  fibril  previously  mentioned, 
which  joins  the  nucleus,  stains  faintly  and  can  therefore  be  distin- 
guished from  the  nucleus.  In  Figs.  8i  and  82  cross  sections  of 
sperm  colonies  at  slightly  different  stages  of  development,  colored 
with  this  stain,  are  compared.  In  both  images  may  be  seen  similar 
to  that  of  Fig.  80 — /.  e,,  a  circle  of  dots  merging  into  faintly  stain- 
ing fibres.  Sometimes  the  latter  have  a  granular  or  beaded  struc- 
ture (Fig.  8 1  a).  These  are  sections  near  the  anterior  end  of  the 
colony,  and  here  again  the  central  circle  of  dots,  representing  the 
posterior  cytoplasmic  fibies,  is  lacking.  Fig.  82^  represents  a  sec- 
tion which  I  interpret  as  having  been  cut  slightly  posterior  to  Fig. 
82a.    The  tail  fibres  here  begin  to  appear. 

A  comparison  of  the  two  stages  illustrates  the  gradual  dwindling 
of  the  cytoplasm  which  surrounds  the  bundle.  It  will  be  remem- 
bered that  shortly  after  the  complete  reconstruction  of  the  spermatid 
nucleus,  cell  boundaries  disappear  and  the  nuclei  lie  in  a  common 
plasma.  When,  however,  the  nuclei  come  to  be  associated  in 
groups,  the  cytoplasm  again  becomes  sharply  defined  and  in  cross 
sections  an  appearance  like  that  of  separate  cells  is  obtained  (Fig. 
80).  The  cytoplasm  in  the  anterior  region  becomes  comparatively 
homogeneous  and  the  nuclei  often  lie  in  a  central  clear  space  (Fig. 
8 1  a).  More  posteriorly  it  breaks  up  and  assumes  a  granular 
appearance  (Fig.  8ir),  while  still  farther  back  the  fibrillar  bundles 
lie  isolated,  with  vague  remnants  of  cytoplasm  between  them  (Fig. 
81).  In  Fig.  82  the  diameter  of  the  colony  is  less  and  the  cyto- 
plasm surrounding  the  fibres  decidedly  less  extensive. 

The  sperm  colonies  when  mature,  or  nearly  so,  are  forced  into 
the  vas  deferens,  probably  by  contractions  of  the  muscle  layer  of 
the  follicle.  In  the  vas  they  are  surrounded  by  a  fluid  secreted  by 
the  large  cells  which  form  its  lining,  and  which  causes  them  readily 
to  adhere  to  needles  or  forceps.  The  mature  colony  has  the  appear- 
ance shown  in  Figs.  85,  Z6  and  87.  I  have  not  heen  able  to  isolate 
a  single  colony  entire,  for  in  teasing  the  long  fibres  are  almost 
invariably  torn.  I  have  been  able  to  trace  them  for  a  considerable 
distance,  however,  and  can  state  that  they  are  exceedingly  long. 
The  filamentous  nuclei  are  invariably  partially  frayed  from  the 
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sheath  and  often  entirely  torn  from  it,  lying  twisted  and  contorted 
at  some  distance  from  the  sheath.  According  to  Hermann,  1883 
(2),  the  spermatozoa  of  the  Isopods  retain  their  immobility  in  the 
oviduct  of  the  female.  The  function  of  the  extraordinarily  long 
fibres,  if  the  spermatozoa  remain  motionless,  is  to  me  a  matter  of 
great  perplexity.  It  becomes  still  more  puzzling  if,  as  my  prepa- 
rations seem  to  indicate,  there  is  no  direct  connection  between 
them  and  the  nuclei.  Their  function  and  their  true  relation  to  the 
nuclei  might  possibly  be  elucidated  by  a  study  of  their  behavior 
in  fertilization,  a  study  in  which  I  hope  to  engage  at  some  future 
time. 

J.  The  Nucleolus. 

In  the  resting  spermatogonia  the  nucleolus  is  present  as  a  rounded 
or  oval  body,  staining  pink  with  the  eosin  of  the  Biondi-Ehrlich 
stain  and  red  with  saffranin.  When  the  mitotic  figure  is  fully 
formed  it  is,  as  a  rule,  no  longer  visible,  nor  is  it  seen  in  the  pro- 
phase immediately  preceding.  The  newly  constructed  daughter 
nuclei  likewise  show  no  trace  of  it  (Figs.  10,  14,  20).  Possibly  it 
may  consist  of  metabolic  products  developed  in  the  resting  cell  and 
quickly  dissolving  during  or  before  mitosis.  In  the  synapsis  stage, 
subsequent  to  the  last  division  of  the  spermatogonia,  the  nucleolus 
is,  however,  clearly  visible,  lying  to  one  side  of  the  tangled  mass  of 
chromatin  threads. 

In  the  very  earliest  synapsis  of  which  I  have  sections  it  is  not 
discernible  (Fig.  22),  but  as  the  threads  elongate  and  separate  it 
becomes  evident.  It  continues  to  be  present  throughout  the  syn- 
apsis and  is  finally  enclosed  within  the  nucleus  of  the  resting  sper- 
matocyte by  the  development  of  the  nuclear  membrane  (Figs.  23, 
26,  28,  29  and  30).  Throughout  the  prophases  of  the  first  sper- 
matocyte it  is  still  to  be  seen  within  the  nucleus  (Figs.  32,  33  and 
43a),  and  after  dissolution  of  the  nuclear  membrane  and  formation 
of  the  mitotic  figure  it  is  cast  off  to  one  side  of  the  spindle,  where 
it  persists  for  some  time  (Figs.  47,  51,  52,  55,  61,  65-67  and  69^). 
With  saffranin  and  malachite  green  the  nucleolus  is  very  evident, 
coloring  bright  red,  while  the  chromatin  of  the  resting  cell  is  pur- 
ple. With  iron  haematoxylin  it  is  not  so  readily  distinguished,  but 
with  the  Biondi-Ehrlich  stain  it  can  be  seen  as  a  pink  body  lying 
to  one  side  of  the  spindle. 
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6.  Summary. 

The  main  results  of  this  study  may  now  be  briefly  summarized  as 
follows : 

(i)  The  spermatogonia  chromosomes  are  joined  together  in 
pairs  in  the  synapsis  to  form  sixteen  bivalent  chromosomes.  They 
may  be  joined  {a)  in  an  approximately  straight  line,  (^)  to  form  a 
more  or  less  narrow  V,  or  {c)  into  a  more  or  less  complete  ring 
(Figs.  26,  27). 

(2)  A  longitudinal  splitting  of  the  chromatin  threads  takes  place 
at  this  stage  (Figs.  25  a,  b^  c). 

(3)  The  distinctness  maintained  by  the  chromosomes  up  to  the 
formation  of  the  nuclear  network  of  the  resting  spermatocyte,  and 
the  manner  of  origin  of  the  spermatocytic  chromosomes  from  it, 
lends  support  to  the  theory  of  their  individuality  in  the  resting 
nucleus  (Figs.  28  and  32). 

(4)  In  the  structure  and  mode  of  origin  of  the  bivalent  sper- 
matocytic chromosomes  two  main  types  may  be  distinguished : 
(a)  The  component  chromosomes  lie  end  to  end,  or  (^)  they  lie 
side  by  side  (Figs.  6Sa,  d,  c). 

(5)  Inasmuch  as  univalent  chromosomes  are  separated,  the  first 
maturation  division  is  reductional  (Figs.  48-59). 

(6)  Sphere  substance  (idiozome)  is  not  observable,  except  for  a 
short  time  during  the  prophases  of  the  first  spermatocyte  (Figs. 
39  and  43)- 

(7)  The  nucleolus  of  the  spermatogonia  disappears  shortly  after 
dissolution  of  the  nuclear  membrane,  while  that  of  the  spermato- 
cytes, first  discovered  in  the  synapsis,  persists  throughout  the 
divisions  (Figs.  8-10,  47.  26,  29,  33,  47>  48,  51,  52,  55 f  5^>  6o«> 
61,  65-67,  69). 

(8)  The  spermatids  become  associated  in  groups  to  form  colonies 
of  nuclei  lying  in  a  common  plasma  (Figs.  73-75). 

(9)  Within  the  latter  arise  bundles  of  fibres  of  great  length, 
whose  connection  with  the  nuclei,  if  actual,  is  very  slight  and 
occurs  very  late,  as  well  as  single  fibres  of  greater  delicacy  which 
are  continuous  with  the  nuclei  (Figs.  76-83). 

(10)  The  mature  sperm  colony  consists  of  a  variable  number  of 
filamentous  nuclei  contained,  together  with  the  bundle  of  cyto- 
plasmic fibres,  in  a  tenuous  sheath  which  is  flagellate  at  its  anterior 
extremity  (Figs.  84-86). 
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III.  Critical  Review  of  the  Literature  on  Crustacean 
Spermatogenesis  since  1878. 

I.  Spermatozoa. 

a.  Review, 
Decapoda, 

1878.  Grobben  in  his  valuable  work  investigates  principally  the 
form  of  the  Decapod  spermatozoa  and  their  transformations  from 
the  immature  to  the  mature  state,  as  well  as  the  nature  of  the  case 
Cspermatophore)  in  which  they  are  enclosed.  With  regard  to  the 
spermatozoon  of  Astacus  fluviatilis,  he  states  that  the  head  develops 
from  a  structure  arising  near  the  nucleus,  while  the  nucleus  itself 
disintegrates.  He  gives  also  a  review  of  the  literature  on  Crus- 
tacean spermatozoa  up  to  that  time,  which  therefore  need  not  be 
repeated  here. 

1883  (i).  Herrmann  describes  the  spermatozoa  of  the  Podop- 
thalmia,  chiefly  the  Macrura  and  Brachyura.  The  study  of  the 
development,  he  says,  shows  a  series  of  transitory  forms  which 
enable  us  to  seize  clearly  the  bonds  of  relationship  existing  between 
the  different  adult  forms.  The  transitional  forms  of  some  resemble 
the  complete  forms  of  others. 

1884.  Nussbaum  (Astacus  fluviatilis)  considers  the  change  of  the 
spermatid  into  the  spermatozoon.  He  traces  the  gradual  condensa- 
tion and  transformation  of  the  nucleus  from  spermatid  to  sper- 
matozoon, and  the  transformation  of  a  large  body  lying  in  the 
cytoplasm  into  the  peculiar  **  kopfkappe  "  of  the  mature  sperma- 
tozoon (see  his  Figs.  53-68).  He  regards  the  nucleus  as  the  head 
of  the  spermatozoon. 

1885.  Sabatier  published  a  short  article  on  the  spermatogenesis 
of  the  Decapod  Crustacea,  principally  Astacus. 

1886.  Gilson  describes  the  spermatozoa  of  a  considerable  num- 
ber of  Decapod  species,  among  others  Astacus  fluviatilis.  The 
structure  of  the  spermatozoon  of  the  latter  he  delineates  more  fully 
than  either  of  his  predecessors.  The  nucleus  he  shows  to  be 
present  and  saucer-like  in  shape.  It  is  covered  by  a  layer  of  pro- 
toplasm which  is  extended  laterally  into  pseudopodic  processes. 
From  the  centre  of  the  protoplasmic  layer  sometimes  arises  a  pro- 
tuberance, to  which  he  gives  the  name  "globule  achromatique." 
The  nucleus  surmounts  a  bladder-like  vesicle  often  perforated  at  the 
opposite  pole.  Into  this  from  the  centre  of  the  concavity  of  the 
nucleus  projects  what  he  calls  "  la  tigelle." 
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1895.  Auerbach  compares  the  spermatozoon  of  Astacus  fluviatilis 
with  those  of  other  Crustacea,  Insects  and  Vertebrates,  with  a  view 
to  discovering  homologies  of  head,  apex,  middle-piece  and  tail. 
The  cyanophilous,  saucer-shaped  nucleus  corresponds  to  the  head  of 
more  highly  developed  spermatozoa,  its  pole  therefore  to  the  ante- 
rior end  of  a  flagellate  spermatozoon  and  the  surrounding  proto- 
plasm to  the  sheath  of  the  head.  The  "globule  achromatique "  of 
Gilson  is  the  anlage  of  the  apex.  The  "  tigelle  "  of  Gilson,  which 
Auerbach  found  to  be  erythrophilous,  he  regards  as  the  anlage  of 
the  middle-piece.  In  the  genera  Pagurus,  Eupagurus,  Clibanarius 
and  Ethusa  the  **  tigelle  "  is  prolonged  into  what  Auerbach  regards 
as  a  rudimentary  tail.  The  bladder-like  vesicle  is  perhaps  a  kind  of 
**  Schwanzkappe,"  possibly  comparable  with  the  sheath  sometimes 
surrounding  the  place  of  origin  of  the  tail  in  immature  vertebrate 
spermatozoa.  The  extremity  regarded  by  Grobben  as  the  head 
would,  according  to  Auerbach's  interpretation,  be  the  tail  end. 
For  a  more  detailed  account  of  the  Decapod  spermatozoa,  of  which 
that  of  Astacus  may  be  taken  as  a  type,  the  reader  is  referred  to 
the  works  cited  above. 

Stomatopoda^  Schizopoda^  Amphipoda. 

1885.  Gilson,  in  his  excellent  and  very  comprehensive  work,  de- 
scribes also  the  spermatozoa  of  the  Stomatopod  Squilla,  the  Schizo- 
pod  Mysis  and  the  Amphipod  Gammarus.  The  whip-like  sperma- 
tozoon of  Mysis  is  strikingly  similar  in  shape  to  that  of  the 
Isopods.  That  of  Gammarus  is  flagellate  and  that  of  Squilla 
vesicular. 

Isopoda, 

1883.  Herrmann  studied  among  the  Isopoda,  Ligea,  Idotea  and 
Sphseroma.  His  description  is  unaccompanied  by  figures  and  is 
difficult  to  comprehend.  The  spermatic  filaments,  he  says,  are 
united  in  numbers  varying  from  eighty  to  one  hundred.  The 
bundles  are  found  lying  amongst  the  cells  which  line  the  walls  of 
the  tube.  He  did  not  find  isolated  spermatozoa,  except  in  the 
oviduct  of  the  female,  where  they  retain  their  habitual  form 
and  immobility.  The  large  cell  of  the  vas  deferens  he  con- 
siders as  homologues  of  ovarian  cells  and  calls  them  "  ovules 
males." 

1884-1886.  Gilson  (Oniscus  asellus).     Groups  of  six  spermatids 
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<"spermatoblaste ")  were  observed  surrounding  a  protoplasmic 
stem  and  their  origin  referred  to  the  small  cells  in  the  apical  por- 
tion of  the  caecum.  The  structure  of  the  nuclei  and  the  changes 
in  them  and  in  the  surrounding  protoplasm,  by  which  the  mass  is 
converted  into  the  mature  "spermatophore,"  are  described  at 
some  length  and  illustrated  with  numerous  figures.  The  name 
"spermatophore"  is  applied  for  the  following  reasons:  **  Les 
cellules  spermatozoides  sont  done  contenus  dans  un  ^tui  resistant 
derivant  de  la  differentation  du  protoplasm,  c*est-a-dire  dans  une 
production  particuliere,  on  pourrait  done  appliquer  aux  faisceaux  la 
denomination  de  spermatophore."  The  name  "  Plasmodium 
parietal  "  is  applied  to  the  follicle  cells  and  the  surrounding  proto- 
plasm, and  to  it  is  ascribed  the  function  of  taking  part  in  the 
formation  of  the  tails,  thus  reinforcing  the  insufficiency  of  the  pro- 
toplasm of  the  germ  cells.  The  tails  of  the  spermatozoa  are  thus 
thought  to  arise  in  the  plasma  and  to  attach  themselves  to  the 
nuclei  ''vers  le  haut."  The  exact  level  is  not  determined.  The 
form  of  the  spermatozoa  is  compared  to  that  of  a  whip,  the  long 
tail  representing  the  handle  and  the  nucleus  the  lash.  This  would 
seem  to  indicate  that  the  tail  is  conceived  as  being  attached  to  the 
nucleus  at  its  upper  extremity.  The  entire  bundle  is  said  to 
measure  0.15,%  mm. 

The  sheath  (6tui)  enclosing  the  spermatozoa  is  most  evident  at 
the  anterior  end.  The  apparent  absence  of  protoplasm  around  the 
filamentous  nuclei  is  explained  as  perhaps  due  not  to  degeneration 
or  absorption  of  the  protoplasm,  but  to  a  condensation  and  fusion 
with  the  nucleus,  perhaps  applying  itself  so  closely  to  the  filament 
that  an  effect  of  refraction  communicates  to  it  the  same  coloration 
This  hypothesis  is  based  on  results  obtained  by  treating  the  flagellae 
with  nuclear  solvents.  When  submitted  to  the  action  of  potassium 
carbonate  in  concentrated  solution  or  strong  hydrochloric  acid  for 
several  days  the  filaments  become  scalariform ;  a  skeleton  formed 
of  little  chambers  is  seen  which  communicate  with  each  other,  and 
which  were  previously  filled  with  the  nuclear  substance.  The  char- 
acteristic frayed  appearance  of  the  bundles  is  thought  to  be  due  to 
artificial  rupture. 

The  nuclear  flagellae  are  said  to  grow  considerably  after  having 
attained  their  distinctive  form.  From  the  figures  given  to  show 
this  (Figs.  329  and  330,  PI.  VIII),  it  seems  probable  that  this 
appearance  may  be  due  to  a  portion  of  the  filaments  having  been 
broken  off  by  teasing. 
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The  large  cells  lining  the  vas  deferens  are  described  and  also 
the  smaller  cells  between  them.  The  latter  are  believed  to  arise 
from  the  larger  ones  by  segmentation.  The  function  of  the  large 
cells  is  said  to  be  the  secretion  of  the  fluid  which  bathes  the  sper- 
matozoa. The  nucleus  of  these  cells  is  figured  as  a  network  of 
great  regularity. 

The  mature  colony  of  Asellus,  as  figured  by  Gilson  in  Vol.  2  of 
La  Cellule,  PI.  X,  Figs.  385-395,  agrees  with  that  of  Oniscus  in 
general  appearance.  The  spermatozoa  in  the  bundle,  however^  are 
more  numerous  and  much  less  compactly  bound  together.  Asso- 
ciated with  them  in  their  development  is  a  large  cell  ("noyau 
femelle  ").  The  tail  is  shown  to  be  distinctly  continuous  with  the 
nucleus.  The  granular  mass  surrounding  the  nucleus  at  its  free  end 
is  said  to  consist  of  caryoplasm  and  the  remains  of  the  nuclear 
membrane.     Its  formation  is  shown  in  Figs.  387-393. 

A  few  figures  are  also  given  of  Idotea. 

1886.  Wielowieyski,  in  a  short  paragraph  concerning  Asellus, 
states  his  opinion  that  the  '' noyau  femelle"  of  Gilson  is  an  artifi- 
cial product,  caused  by  the  confluence  of  the  protoplasmic  mass  with 
one  of  the  large  cells  on  the  margin  of  the  testicle. 

Cirrepedia. 

1886.  Gilson  figures  the  spermatozoa  of  Lepas  anatifera  and 
Balanas  perforatus.  They  are  flagellate,  the  nucleus  a  slender 
thread  occupying  the  anterior  end. 

1894.  Ballowitz,  K.,  studied  Balanas  improvisus  Darw.  and  Lepas 
anatifera  L.  He  makes  the  astonishing  statement  that  the  head  is 
demonstrable  as  a  distinct  structure  neither  by  its  form  nor  by  its 
staining  reaction.  He  mentions  the  work  of  Nussbaum  (1890)  on 
a  Californian  Cirrepede  (Pollicipes  polymerus)  in  which  the  head 
is  described. 

Copepoda. 

1895.  Steuer  gives  a  figure  to  show  the  spermatozoa  of  the 
marine  Copepod,  Sapphirina  gemma.  They  are  flagellate,  shaped 
somewhat  like  a  javelin.  He  mentions  the  spermatozoa  of  the 
Calanidse  as  being  of  spherical  shape. 

Ostracoda, 

1886.  Stuhlmann.  The  spermatozoa  of  the  Cypridae  are  de- 
scribed as  having  at  first  the  shape  of  a  ribbon,  through  the  length 
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of  which  the  nucleus  runs  as  a  thread.  They  are  stated  to  increase 
in  size  through  the  assimilation  of  a  secretion  of  the  vas  deferens. 
They  then  become  spirally  twisted  while  in  a  certain  limited  section 
of  the  vas  deferens,  presumably  by  a  motion  of  their  own.  This  is 
said  to  be  caused  by  a  fibre  running  spirally  the  length  of  the 
spermatozoon.  The  mature  spermatozoon  has  the  spirally  twisted 
structure  of  a  rope  of  tow.  It  contains  a  twisted  central  fibre,  not 
visible  externally,  and  the  entire  structure  is  surrounded  by  a 
hyaline  sheath.  The  spermatozoa  are  nearly  motionless  while  in 
the  body  of  the  male,  but  become  extremely  active  in  the  recep- 
taculum  seminis  of  the  female.  This  is  said  to  be  due  to  the  loss 
of  the  hyaline  sheath.  The  curious  fact  is  noted  that  the  sperma- 
tozoa coming  from  the  right  side  of  the  animal  are  twisted  to  the 
left  and  vice  versa. 

1889.  Miiller  discovered  in  the  spermatid  of  Ostracoda  one  or 
two  **  Nebenkerne."  These  form  a  "  Schwanzstuck  "  which  grows 
very  long  and  is  of  complicated  structure.  Through  the  middle  of 
the  tail  runs  the  central  fibre,  at  or  near  one  end  of  which  the 
nucleus  is  located.  The  spiral  twisting  is  referred  to  the  contrac- 
tion of  the  middle  one  of  the  three  threads  which  surround  the 
central  fibre.  He  does  not  agree  with  the  opinion  of  Stuhlmann 
concerning  the  inhibitive  function  of  the  sheath  while  in  the  body 
of  the  male. 

Phyllopoda. 

1885.  Zacharias  describes  the  results  of  his  observations  and  ex- 
periments on  the  spermatozoa  of  the  Phyllopod,  Polyphemus,  which 
he  shows  to  be  capable  of  amoeboid  movements. 

b.   Commentary. 

The  Crustacea  as  a  class  show  an  astonishing  variety  in  the  form 
of  the  male  reproductive  elements.  Knowledge  of  their  intimate 
structure  is  of  course  at  present  too  incomplete  to  enable  us  to  discuss 
at  any  great  length  the  homologies  existing  between  them.  But  a 
rough  classification  of  them  according  to  their  external  appearance 
would  place  the  bell-shaped  or  vesicular  form  characteristic  of  the 
Decapods  in  one  group  and  the  form  found  in  the  Isopods,  Gam- 
marus,  Mysis  and  Balanus,  with  more  or  less  elongated  nucleus  and 
tail  of  varying  length,  in  another.  The  extremely  peculiar  form  of 
the  spermatozoon  of  the  Ostracoda  might  perhaps  be  referred  to  the 
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latter  group.  It  is  possible,  and  I  advance  it  simply  as  a  tentative 
hypothesis  needing  corroboration,  that  these  strikingly  dissimilar 
forms  have  arisen  from  a  primitive  one,  simple  and  amoeboid  in 
character  like  that  of  Polyphemus. 

The  ingenious  series  of  homologies  drawn  by  Auerbach  between 
the  head,  tail,  apex  and  middle-piece  of  the  spermatozoa  of  Verte- 
brates and  Insects  and  similar  structures  in  Astacus  appears  plausi- 
ble. Since,  however,  the  location  of  the  centrosome  and  the 
sphere  substance  remains  undetermined,  the  homologies  cannot  be 
said  to  be  in  all  respects  established.  A  more  detailed  and  thor- 
ough examination  of  the  spermatozoa  of  the  Crustacea,  especially 
of  their  behavior  in  fertilization,  might  extend  these  homologies. 
If  the  spermatozoon  of  Oniscus  be  compared  with  the  type  most 
frequently  occurring  in  animals,  the  part  immediately  adjacent  to 
the  nucleus,  the  delicate  fibril  shown  in  Figs.  77a,  79,  corresponds 
in  location  to  the  middle-piece.  Whether  this  is  in  reality  the 
habitation  of  the  centrosome  might  be  discovered  through  a  study 
of  its  fate  during  fertilization.  My  observations  on  the  spermato- 
genesis throw  no  light  on  the  question. 

The  Isopods  are  unique  among  the  Crustacea  in  the  formation  of 
colonies  of  spermatozoa  of  a  nature  so  close  that  they  appear  as 
units.  Concerning  their  origin  in  Oniscus,  I  can  confirm  M. 
Gilson's  statement  that  the  formation  of  the  bundle  takes  place  in 
a  Plasmodium,  cell  boundaries  being  for  a  time  entirely  absent,  and 
with  the  main  outlines  of  his  account  of  the  changes  taking  place 
in  the  development  of  the  spermatids  into  the  mature  colony  I  am 
thoroughly  in  accord. 

The  number  of  nuclei  entering  into  a  bundle,  according  to  my 
observations,  is  not  invariably  six,  but  may  vary  within  considera- 
ble limits.  The  number  of  cytoplasmic  fibres  is  assumed  by  M. 
Gilson  to  be  equal  to  the  nuclei,  but  in  his  Fig.  328,  PL  VIII,  they 
are  shown  to  be  more  numerous.  As  has  been  already  said,  I  have 
been  unable  to  convince  myself  of  a  direct  continuity  between  these 
fibres  and  the  nuclei.  In  his  Fig.  320  (an  immature  spermato- 
phore)  the  cytoplasmic  fibres  may  be  traced  directly  to  the  nuclei. 
I  have,  however,  not  been  able  to  obtain  images  of  equal  clearness 
from  my  preparations.  Nor  have  I  obtained  anything  at  all  similar 
to  the  rings  or  vacuoles,  shown  in  Gilson's  Figs.  328,  329  and  330, 
near  the  anterior  end  of  the  bundle.  In  Sphaeroma  serratum,  Gilson 
states,  the  continuance  of  head  and  tail  is  very  evident,  forming  an 
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open  and  regular  ring.  The  close  relationship  of  nucleus  and  cyto- 
plasmic fibre  in  Oniscus  is  shown  only  in  Fig.  320.  In  Figs.  323 
and  326  they  are  represented  as  discontinuous.  In  Fig.  334 
(Asellus)  the  fibres  are  pictured  as  arising  independently  of  the 
nuclei,  although  it  is  shown  in  later  figures  that  they  eventually 
become  attached.  If  the  follicle  nuclei  and  the  surrounding  proto- 
plasm take  part  in  the  formation  of  the  tails,  it  is  only,  in  my  opin- 
ion, in  so  far  as  they  become  converted  into  the  substance  of  the 
germ  cells. 

In  attempting  to  reconcile  the  fact  of  the  direct  continuity  of 
head  and  tail,  shown  by  Gilson  so  clearly  in  Asellus  and  stated  by 
him  to  be  present  in  Sphseroma,  with  the  lack  of  demonstrable  con- 
nection in  Oniscus,  it  occurred  to  me  that  the  condition  in  Oniscus 
might  represent  a  different  phase  in  the  evolution  of  the  Isopod 
spermatozoon.  Either  the  connection, at  one  time  evident,  between 
the  nucleus  and  the  unusually  long  tail  may  have  grown  so  slight  as 
to  be  no  longer  recognizable,  or,  if  the  spermatozoon  of  Oniscus 
for  any  reason  is  to  be  looked  upon  as  the  more  primitive  form,  it 
may  be  that  the  connection,  which  will  later  in  the  course  of  evolu- 
tion become  more  marked,  is  as  yet  but  little  developed.  Although 
in  the  present  state  of  our  knowledge  both  alternatives  may  perhaps 
be  considered  open,  the  former  seems  to  me  far  more  plausible,  for 
not  only  are  the  land  Isopods  in  other  structural  peculiarities  to  be 
regarded  as  more  specialized  than  Asellus,  but  the  sperm  colony 
itself  in  Asellus  is  less  compact  and  less  completely  developed  as  a 
unit.  The  obscurity  of  this  point  serves  to  emphasize  the  desira- 
bility of  further  study  of  the  Crustacean  spermatozoa  and  the  estab- 
lishment of  accurate  homologies  between  them. 

The  "noyau  femelle"  of  Asellus  is,  in  my  opinion,  to  be  regarded 
as  homologous  with  the  follicle  cells  of  Oniscus.  I  am  inclined  to 
doubt  the  correctness  of  M.  Gilson's  conclusions  as  to  the  origin  of 
the  small  cells  of  the  vas  deferens  of  Oniscus  from  the  larger  ones 
by  segmentation,  and,  although  I  have  not  devoted  much  time  to 
the  elucidation  of  the  point,  I  think  it  more  probable  that  the  re- 
verse is  true,  for  I  have  seen  the  small  cells  segmenting,  but  never 
the  large  ones. 
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2.  Thb  Earlier  Stages  in  the  Development  of  the  Germ  Cells 

IN  Crustacea,  with  Especial  Reference  to  the 

Problem  of  Reduction. 

a.  Eeview. 
Decapoda, 

1878.  Grobben  gives  almost  no  figures  of  the  earlier  stages  and 
does  not  consider  the  subject  in  detail. 

1884.  Nussbaum  ( Astacus  fluviatilis)  does  not  distinguish  between 
spermatogonia  and  spermatocytes.  Five  figures  of  mitoses  are  given 
in  which  the  chromosomes  are  shown  to  be  spherical  at  the  begin- 
ning of  the  metaphase,  but  they  soon  elongate  to  a  rod-like  shape. 

1885.  Carnoy  studied  among  the  Decapods,  Astacus  fluviatilis, 
Crangon  vulgaris  and  several  species  of  Brachyura  and  Anomura. 
In  no  case  are  more  than  thirteen  figures  given.  It  is  impossible  to 
determine  in  every  case  the  generation  to  which  the  cells  belong. 
The  mode  of  origin  of  the  chromosomes  is  not  fully  traced,  and  it 
is  impossible  to  determine  with  accuracy,  therefore,  anything  with 
regard  to  the  question  of  reduction.  In  the  case  of  Astacus,  as  far 
as  can  be  judged  from  the  figures  given  (Figs.  246^,  b^  c,  d^  e  and 

y),  the  division  is  transverse.  The  mitosis  figured  occurred  in 
August,  and,  according  to  vom  Rath,  it  is  from  this  month  until 
December  that  the  final  divisions  of  the  spermatogonia  and  those 
of  the  spermatocytes  take  place.  A  transverse  spermatogonic 
division  is  improbable.  The  chromosomes  are  shown  to  arise, 
however,  through  the  shortening  and  thickening  of  rods,  resulting 
from  the  breaking  up  of  the  nuclear  network.  The  transverse 
division,  if  it  be  such,  is  therefore  probably  that  of  the  first  sperma- 
tocyte. The  same  is  perhaps  true  of  Crangon  cataphractus  (Figs. 
247  and  248).  Of  peculiar  interest  is  the  constitution  of  the  chro- 
mosomes of  Crangon  cataphractus,  as  shown  in  Figs.  249^,  b^  Cy  d, 
PL  VII.  According  to  these  a  chromosome  in  longitudinal  view 
consists  of  a  double  row  of  from  three  to  five  granules.  A  recon- 
struction of  the  chromosome  from  these  figures  leads  to  the  concep- 
tion of  a  rod  split  longitudinally  several  times. 

Cytoplasmic  Structures. — A  dense  mass,  lying  within  the  cyto- 
plasm during  the  prophases  and  migrating  to  the  poles  of  the  spin- 
dle as  it  is  formed,  is  shown  for  Crangon.  No  centrosome  is 
figured  as  lying  within  this  mass,  to  which  the  name  "  Nebenkern" 
is  given.    The  same  name  is  applied  to  a  body  lying  in  the  cyto- 
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plasm  in  Astacus.  This  body,  however,  seems  not  to  be  aflfected 
by  mitosis,  but  lies  passively  to  one  side.  In  the  vicinity  of  the 
poles  are,  however,  numerous  granules  ("corpuscles  polaires")  (Fig. 
246/,  PL  VII).  The  "  Nebenkem"  of  Crangon,  according  to  the 
description,  behaves  like  the  substance  designated  idiozome  by 
Meves.  The  "  corpuscles  polaires"  of  Astacus  may  be  of  a  similar 
nature.  For  the  other  forms  studied  no  bodies  of  any  kind  lying 
in  the  cytoplasm  are  shown.  The  substance  seems  to  be  unusually 
prominent  in  Crangon  and  Astacus.  Th^  cells  of  both  are  of  large 
size. 

1 89 1,  vom  Rath  settled  the  question  of  amitotic  division  of  the 
germ  cells  of  Astacus  in  the  negative.  He  states  that  a' minority  of 
the  spermatogonia  undergo  no  change  at  first,  but  give  rise  by 
mitosis  to  new  spermatogonia  after  the  discharge  of  the  ripe  sper- 
matozoa. He  mentions  a  case  of  regeneration  of  an  entire  follicle 
from  a  single  spermatogonium.  With  the  first  appearance  of  the 
spermatids  the  follicle  cells  ("  Randkerne")  commence  to  grow  in 
size  and  divide  amitotically.  The  direct  division  apparently  takes 
place  by  a  sharp  breaking  apart  of  the  portions  of  the  nuclei,  re- 
sembling a  slicing.  Degeneration  of  the  nuclei  follows.  At  the 
point  of  transition  between  follicle  and  duct  there  is  often  an  extra- 
ordinary growth  of  cells  by  amitosis.  The  results  of  his  research 
are  interpreted  by  vom  Rath  to  mean  that  two  kinds  of  cells  have 
arisen  from  indifferent  epithelium,  one  dividing  mitotically,  the 
other  amitotically. 

Isopoda, 

1884.  Gilson  states  that  it  is  only  at  certain  seasons  of  the  year 
that  the  spermatogenesis  of  these  animals  can  be  studied  with 
profit.  In  the  case  of  Oniscus  asellus,  from  July  to  November  is 
the  most  favorable  season  for  obtaining  preparation  of  what  he 
calls  the  first  stage  (**  premiere  etape").  In  the  case  of  Asellus 
aquaticus  it  is  later — about  the  month  of  February. 

Oniscus  asellus. — ^The  cells  filling  the  apical  end  of  the  caeca 
(spermatogonia)  are  mentioned,  and  the  opinion  is  expressed  that 
they  constitute  a  reserve  mass  destined  to  replace  by  proliferation 
the  elements  organized  in  the  lower  part  of  the  tube  and  later 
evacuated.  Karyokinesis  in  these  cells  (spermatogonia)  was  ob- 
served but  once,  and  the  stages  intervening  between  them  and  the 
spermatocytes  were  not  discovered. 


1902.]     NICHOLS— SPERMATOGENESIS  0NI3CUS  ASELLUS  LINN.    103 

The  condition  of  the  lower  part  of  the  tube  is  thus  described : 
**  II  y  aurait  dans  les  caecuras  testiculaires  des  Oniscus  une  sort  de 
Plasmodium  contenant  une  grande  nombre  de  noyaux  et  entourant 
une  masse  centrale  form6e  d'^6ments  spermatiques  en  formation. 
Ce  fait  est  si  6trange  qu'on  n'ose  4  peine  Taccepter."  The  amitotic 
division  of  nuclei  occupying  the  lower  portion  of  the  follicles  and 
referred  by  Gilson  to  the  germ  cells  is  probably  that  of  follicle 
cells,  for  they  are  described  as  occupying  the  periphery  of  the  tube 
in  its  median  portion. 

1885.  Carnoy  makes  the  following  statement  concerning  the 
Isopods  (pp.  222,  223) :  *'  Chez  T Oniscus  asellus,  au  moment  de  la 
plus  grande  activity  cellulaire  preludant  a  la  formation  des  sperma. 
tozoides,  on  ne  rencontre  pour  ainsi  dire  que  des  noyaux  en  voie 
d'^tranglement  ou  de  division  acinetique.  Les  figures  caryocin^- 
tiques  y  font  le  plus  souvent  d^faut.  Depuis  trois  ans  nous  n'en 
avons  rencontr^  que  deux,  une  couronne  equatoriale  et  une  couronne 
polaire  qui  sont  reproduite  dans  la  PL  VI,  Fig.  227;  et  cependant 
nos  observations  ont  6tt  nombreuses  et  pratiqu^es  a  toutes  les 
^poques  de  Tann^e. 

"Nous  avons  constat^  les  mdmes  ph6nomdnes  sur  plusieurs  ani- 
maux  du  mdme  groupe,  sur  les  Idotea  en  particulier.  La  division 
directe  est  tres  fr6quente  chez  ces  derniers,  et  s'y  fait  normalement. 
Nous  n*y  avons  point  remarque  de  caryocindse ;  mais  nous  devons 
ajouter  que  nos  observations  sur  ces  Crustacea  bien  que  fait  seri- 
eusement  ont  ^t^  beaucoup  moins  nombreuses  que  sur  Oniscus. 
Chose  remarquable,  chez  les  Idotea  la  multinuclearit^  des  grandes 
cellules  qui  vont  se  transformer  en  autant  de  faisceaux  de  spermato- 
zoides  est  due  exclusivement  a  la  segmentation  du  noyau  primi- 
tive. Ces  faits  sont  d'autant  plus  singuliers  que  dans  un  genre 
voisin,  le  genre  Armadillo,  les  figures  caryocin6tiques  sont  fre- 
quents ;  tandis  que  les  cas  de  division  directe  y  sont  beaucoup  plus 
rares."  I  have  examined  testes  of  Armadillo  and  also  of  Porcellio 
and  find  that  they  do  not  differ  greatly  from  Oniscus  as  to  the 
manner  and  frequency  of  the  divisions. 

Copepoda, 

1890,  1892.  The  work  of  Hacker  on  the  eggs  of  Cyclops  has 
been  corrected  by  the  later  research  of  Riickert  and  need  not, 
therefore,  be  mentioned  here. 

1892.  Ishikawa  gives  a  figure  of  the  testis  of  a  Copepod  cut 
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longitudinally,  showing  it  to  be  divided  into  regions  called  by  him 
formative,  growing  and  ripening  zones.  The  formative  region  cor- 
responds in  Oniscus  to  the  reserve  groups  of  spermatogonia,  the 
growing  region  to  the  apical  part  of  the  follicle  and  the  ripening 
zone  to  the  basal  part  of  the  follicle.  Ishikawa's  conclusions  con- 
cerning reduction  have  not  been  substantiated  by  recent  research. 

1894.  Riickert.  This  well-known  paper  concerns  the  ovogenesis 
of  the  Copepods,  Cyclops  strenuus,  Heterocope  and  Diaptomus, 

In  Cyci(fs  the  number  of  chromosomes  is  22-24.  The  germinal 
vesicle  shows  double  threads  of  chromatin,  a  longitudinal  split 
having  occurred  at  an  early  period.  At  the  beginning  of  matura- 
tion these  contract  to  double  rods,  whose  number  is  the  reduced 
one  and  which  have,  moreover,  become  transversely  split.  As  the 
spindle  is  formed  the  chromosomes  come  to  lie  in  the  equator,  with 
the  longitudinal  split  at  right  angles  to  the  axis  of  the  spindle. 
The  first  division  is  thus  equational.  In  the  second  division  the 
chromosomes  are  separated  along  the  transverse  split,  and  this 
division  is  therefore  reducing. 

In  Heterocope  and  Diaptomus  open  rings  are  formed  which, 
through  condensation,  become  the  tetrads.  The  plane  of  the  first 
division  is  not  so  easily  determined  for  these  Copepods.  In  the 
opinion  of  Riickert  the  first  maturation  division  of  Diaptomus  is 
equational. 

1895.  Hacker  studied  the  ovogenesis  of  the  Copepod,  Cantho- 
catnptus.  The  reduced  number  of  chromosomes  is  twelve.  There 
are  apparently  two  divisions  of  the  ovogonia.  The  last  division  is 
followed  (i)  by  a  transverse  breaking  apart  of  a  doubly  split  thread 
and  a  shortening  and  thickening  of  the  segments  so  that  twelve 
double  rods  are  produced.  Some  of  these  are  transversely  split. 
Or  (2)  the  last  division  of  the  ovogonia  is  followed  by  a  condensa- 
tion and  longitudinal  division  of  the  thread  as  a  whole  and  a  sub- 
sequent breaking  apart  of  the  thread  into  twelve  double  rods. 
These  become  transversely  split  and  form  chromosomes  correspond- 
ing to  the  tetrads  of  the  first  mode.  In  either  mode  the  changes 
follow  immediately  upon  the  last  division  of  the  ovogonium,  and  no 
true  reticulum  is  formed  in  the  germinal  vesicle.  Since  the  width 
of  the  chromosomes  is  equal  to  their  length,  it  is  impossible  to 
settle  the  question  as  to  the  order  in  which  the  longitudinal  and 
transverse  divisions  occur. 

1895.  vom  Rath  describes  the  ovogenesis  of  marine  Copepods 
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mentioned  by  him  in  his  earlier  works  on  Gryllotalpa  and  Sala- 
mandra.  He  studied  the  genera  Euchatay  Eucalanus,  Anomalocera 
and  Pleuromma.  He  calls  attention  to  the  differences  that  may 
exist  between  the  ovogenesis  of  different  species  of  marine  Cope- 
pods  and  between  the  ovogenesis  and  the  spermatogenesis  of  the 
same  species.  His  conclusions  on  the  subject  of  reduction  agree 
substantially  with  those  of  Rilckert.  Particularly  in  the  case  of 
Euchata  marina  and  Eucalarms  attenuatus  is  the  aspect  of  the  first 
maturation  figure  similar  to  that  of  Cyclops.  Here,  too,  the  divi- 
sion seems  to  be  equational. 

Ostracoda, 

1898.  Woltereck  describes  a  well-marked  synapsis  zone  in  the 
ovary  of  a  parthenogenetic  Cyprid.  He  rejects,  as  not  applying  to 
the  object  which  he  studied,  the  theories  of  Moore,  firauer  and 
Hacker  concerning  the  relation  of  the  synapsis  to  the  last  ovogonic 
division  and  to  the  processes  of  reduction  and  maturation.  *'  Von 
*  Reduktion,' "  he  says,  "  ist  nicht  die  geringste  Andeutung  vorhan- 
den,  von  der  Reifungstheilung  sind  die  Eier  noch  durch  eine  lange 
Phase  getrennt,  in  der  das  Chromatin  kaum  sichtbar  ist  and  gegen 
die  Auffassung  als  Dispirem  die  excentrisch  Zusammenballe  bei 
deutlich  vorhandenem  Nucleolus,  sowie  das  Vorhandensein  aller 
Uebergange  aus  einem  lockeren,  hellen  Fadenknauel  in  die  Synapsis 
und  aus  ihr  in  die  segmentirten  Chromosome." 

Phyliopoda. 

1892.  firauer  thus  summarizes  his  results  on  the  ovogenesis  of 
Branchipus:  "Die  Beobachtungen,  welche  ich  bei  firanchipus 
gewonnen  habe,  zeigen  nun  folgendes  fiild : 

"i.  Keimblaschen  :  durch  Quertheilung  entstehen  6  Schleifen ; 
eine  neue  Quertheilung  erhoht  ihre  Zahl  auf  12.  Dann  folgt  eine 
doppelte  Langspaltung.  Resultat:  12  viertheilige  Chromosomen 
bil  den  die  Aquatorialplatte  der  ersten  Richtungsspindle  "  (p.  53). 
In  describing  the  Figs.  8  and  9,  Taf.  I,  upon  which  he  bases  this 
conclusion,  he  says:  "Ich  will  gem  zugeben,  dass  diese  fieobach- 
tung  schwierig  sind  und  eine  TaOschung  moglich  ist,  doch  muss 
ich  vorheben,  dass  ich  kein  fiild  gesehen  haben,  welches  eine 
Vermehrung  der  12  Faden  durch  eine  Quertheilung  auf  24  zwei- 
theilige  auch  nur  andeutete  und  spatere  Verklebung  von  je  zwei- 
theilige  zeigte.      Solche    Bilder,   welche  ganz  ahnlich  aussehen 
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miissten  wie  das  in  Fig.  i  dargestellte,  waren  mir,  glaube  ich,  nich 
entgangen." 

1893.  Brauer.  The  study  of  the  closely  related  Phyllopod 
Artemia  was  undertaken  by  the  same  author  with  the  object  of 
ascertaining  whether  reduction  took  place  in  parthenogenetically 
developing  eggs. 

The  number  of  chromosomes  in  the  germinal  vesicle  is  eighty- 
four,  and  their  structure  is  quadripartite,  /.  ^.,  each  consists  of  four 
spheres.  In  the  first  maturation  division  two  of  these  spheres  are 
separated  from  the  others.  After  this  has  taken  place  the  matura- 
tion may  proceed  in  two  different  ways.  The  second  polar  body 
may  be  formed  and  the  elements  of  the  dyad  separated,  or  there 
may  be  an  abortive  attempt  to  form  the  second  polar  body,  the 
chromatin,  however,  remaining  undivided  and  the  elements  of  the 
dyad  not  separated. 

Cleavage  and  further  development  of  the  egg  may  take  place  in 
both  of  the  above  cases.  In  the  first  case  it  is  necessary  for  this 
that  the  second  polar  body  be  drawn  back  into  the  egg,  where  it 
acts  as  would  a  male  pronucleus.  In  the  second  case  the  nucleus 
left  within  the  egg  after  the  formation  of  the  first  polar  body,  be- 
comes the  cleavage  nucleus.  In  the  first  case  the  somatic  number 
of  chromosomes  is  168,  in  the  second  case  84. 

It  thus  appears  that  the  tetrads  of  the  germinal  vesicle  are 
bivalent  chromosomes  and  that  the  actual  reduction  may  or  may 
not  take  place. 

1893.  Moore  published  the  results  of  his  studies  on  the  reproduc- 
tive elements  in  Apus  and  Branchipus.  With  regard  to  Branchipus, 
the  chief  stress  of  the  paper  is  laid  upon  the  relation  between 
karyokinesis  and  protoplasmic  structure,  the  author  believing  **  that 
the  divisional  phenomena  of  these  cells  are  intimately  related  to  a 
protoplasmic  structure,  which  might  be  fitly  described  as  '  Schaum- 
plasma,'  and  one  of  the  initial  physical  impulses  toward  meta- 
morphosis is  a  fusion  of  some  of  the  intra-nuclear  globules ;  and  a 
considerable  portion  of  the  complicated  karyokinetic  figures,  with 
their  centrosomes,  pseudosomes  and  dictyosomes,  appear  to  be  the 
logical  as  well  as  the  actual  consequence  of  the  continuance  of  this 
process." 

The  question  of  reduction  is  not  entered  upon  in  much  detail. 
From  the  nucleus  of  the  resting  spermatocyte,  however,  are  shown 
to  arise   ten  chromosomes  of   dumbbell-shape.      These  become 
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arranged  in  the  equatorial  plate  with  the  transverse  constriction  in 
the  plane  of  the  equator.  This  division  consequently  is  apparently 
reducing.  No  longitudinal  split  is  shown  and  the  second  sper- 
matocytic  division  is  very  inadequately  worked  out. 

b.  Commentary. 

Although  agreeing  with  many  points  in  the  description  of  Gilson 
concerning  the  metamorphosis  of  the  spermatids  of  Oniscus,  my 
observations  do  not  entirely  coincide  with  his  account  of  the  earlier 
stages.  The  statement  defining  the  most  favorable  season  for  ob- 
taining preparations  of  the  first  stage  does  not  hold  true  for  the 
locality  of  Philadelphia,  for  I  have  sectioned  material  collected 
during  every  month  of  the  year,  except  December  and  January,  and 
have  not  found  one  monlh  to  be  preferred  over  another  with  regard 
to  the  abundance  of  any  particular  stage. 

I  feel  sure  that  the  function  of  replacing  the  evacuated  elements 
which  he  ascribes  to  the  spermatogonia  is  the  true  one,  but  that 
their  multiplication  takes  place  by  direct  division  I  am  unable  to 
believe.  On  the  one  hand  the  weight  of  the  evidence  of  modem 
research  is  against  the  occurrence  normally  of  amitotic  division  in 
the  germ  cells.  Moreover  the  work  of  vom  Rath  on  Astacus  creates 
a  strong  probability  that  the  phenomena  are  similar  in  Oniscus.  I 
have  never  seen  amitotic  division  in  the  germ  cells  of  Oniscus,  and 
believe  that  the  error  arose  from  a  failure  to  distinguish  between 
the  germ  cells  and  the  follicle  cells.  I  cannot  help  a  feeling  of 
surprise  that  mitosis  should  have  been  so  infrequently  seen  both  by 
M.  Gilson  and  his  colleague,  M.  Carnoy.  It  is  true  that  the 
mitoses  of  the  spermatogonia  are  scattered,  and  occasionally  no 
spindles  at  all  will  be  met  with  in  a  follicle,  but  by  cutting  a 
sufficient  number  of  sections  cell  division  will  be  abundantly 
seen. 

With  regard  to  the  question  of  reduction  in  the  Crustacea,  my  re- 
sults, much  to  my  own  surprise,  do  not  coincide  with  those  obtained 
by  Riickert  and  vom  Rath  in  the  Copepods.  The  case  in  Cyclops 
is  so  clear  that  it  seems  to  admit  of  no  doubt,  and  its  very  clearness 
makes  it  probable  that  the  divisions  take  place  in  a  similar  manner 
in  a  form  so  closely  allied  as  Canthocamptus.  The  figures  given  by 
Hacker  of  this  object  do  not,  however,  conclusively  prove  this  to  be 
the  case,  since  the  tetrads  are  cubical  in  shape,  the  length  no  greater 
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than  the  width.  Indeed  Hacker  himself  says  of  this  object  that  it 
is  not  adapted  to  the  solution  of  the  problem  of  reduction.  The 
like  may  be  said  of  Artemia. 

With  Brauer's  results  on  Branchipus,  those  obtained  with  Oniscus 
likewise  do  not  agree.  The  double  longitudinal  split  claimed  by 
Brauer  for  the  chromosomes  of  Branchipus  is  not  shown  in  the 
figures  with  the  clearness  that  might  be  desired.  An  oblique  view 
of  an  elongated  chromosome  in  Fig.  8  shows  it  to  be  split  longitu- 
dinally, not  twice  but  only  once.  In  the  absence  of  direct  evidence 
to  the  contrary,  the  Figs.  8  and  9  might  be  explained  equally  well 
on  the  assumption  that  the  twelve  tetrads  represent  two  univalent 
chromosomes  longitudinally  split  and  joined  end  to  end. 

In  Oniscus,  inasmuch  as  the  first  division  separates  two  originally 
distinct  chromosomes  and  the  second  presumably  divides  the  chro- 
matin longitudinally,  the  manner  of  reduction  resembles  that  of 
Insecta  as  described  by  Henking  (i890-'92),  Paulmier  (1899)  and 
Montgomery  (1898,  '99). 

If  my  interpretation  of  the  method  of  reduction  in  Oniscus  be 
correct,  and  that  of  Riickert  concerning  reduction  in  Cyclops  be 
equally  so,  it  becomes  clear  that  the  cell  generation  in  which  the 
true  reduction  takes  place  need  not  be  the  same  for  all  members  of 
a  given  class  of  animals.  The  order  in  which  the  reduction  and 
equation  divisions  take  place  is,  therefore,  relatively  unimportant ; 
the  significant  thing,  so  far  as  our  knowledge  at  the  present  day 
goes,  appears  to  be  that  in  the  Arthropods  both  divisions  should 
take  place.  Further  research  alone  can  show  whether  the  apparent 
cases  of  transverse  division  in  the  first  spermatocytes  of  Astacus, 
Crangon  and  Branchipus  are  really  such.  To  the  future  must  also 
be  left  the  question  as  to  which  method  of  reduction,  the  Copepod 
or  the  Isopod  type,  is  the  rule  among  Crustacea. 

M.  Louise  Nichols. 

January  10,  190 1. 
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Plate 
XI 


Plate 
XII 


Explanation  of  the  Plates. 

All  of  the  figures,  with  the  exception  of  i,  2  and  68,  are  camera  drawing! 
made  at  the  level  of  the  microscope  stage,  and  all  except  3, 4a,  5,  6,  84^6,  were 
drawn  with  a  Zeiss  homogeneous  immersion  objective  ^,  ocular  No.  6,  tube 
length  100  mm.     In  those  marked  *  the  chromosomes  are  not  all  shown. 

1.  Free-hand  drawing  to  illustrate  the  male  reproductive  organs  of 
one  side,  a,  6,  c,  lobes  of  the  testis ;  v,  vas  deferens;  /,  penis; 
Xf  suspending  tissue. 

2.  Lobes  of  the  testis  in  longitudinal  section  (semi-diagrammatic),  a, 
6,  c,  as  before ;  jr/f .,  spermatogonia;  /  c,  follicle  cell 

3.  Longitudinal  section  of  the  vas  deferens  (Zeiss  ocular  4,  obj.  AA). 
^,  r,  lobes  of  the  testis. 

4a,  Small  portion  of  the  wall  of  the  anterior  region  of  the  vas  (oc.  6^ 

obj.  D). 
46,  Secretory  cell  from  the  anterior  region  of  the  vas. 
'  5.  Small  portion  of  a  testis  lobe  in  longitudinal  section.    /.  c,  follicle 
cells;  m,  /.,  muscular  layer  (oc.  6,  obj.  D). 

6.  Cells  from  the  suspending  tissue  (cf.  Fig.  i ,  x)  (oc.  6,  obj.  D). 

7.  (a)  Spermatogonium  in  an  early  spireme  stage;  nci,  nucleolus. 
Centrosomes  beginning  to  divide,  {d)  Resting  spermatogonium 
with  large  masses  of  chromatin,  probably  beginning  to  degen- 
erate. 

*8,  *9,  la  Later  spireme  stages. 

1 1.  (a  and  c)  Resting  spermatogonia.  {6)  Spireme  beginning  to 
segment 

12.  Equatorial  plate  in  side  view. 

13.  (a)  Equatorial  plate  in  pole  view.  (♦*)  Spermatocytic  prophase. 
m,  I„  muscle  layer. 

14.  Equatorial  plate  in  side  view,  showing  the  longitudinal  split  in 
the  chromosomes. 

♦15.  Metaphase. 

16.  Approximate  pole  view  of  a  stage  similar  to  15. 

17.  Anaphase. 

18.  Late  anaphase.     Mid-body. 
*I9,  *30.  Reconstruction  of  the  daughter  nuclei.    In  20  the  mid  body 

has  migrated  to  the  periphery. 
*2i.  {a  and  d)  Reconstruction  of  the  daughter  nuclei,     (c)  Degen- 
erating spermatogonium. 

22,  23-28.  Synapsis.    26.  1-16,  chromosomes. 

27.  Different  forms  of  the  chromosomes  in  the  synapsis. 

29.  Formation  of  the  nuclear  membrane. 

30.  Resting  spermatocyte,    j/^.,  spermatogonium. 

31.  Irregular  arrangnnent  of  the  nuclear  network,  occasionally  seen 
just  before  the  formation  of  the  nuclear  membrane. 


Plate 
XIII 


Plate 
XIV 
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Plate 
XV 


Plate 
XVI 


Plate 
XVII 


^  32,  *33-47.  Prophjtfcf  of  the  first  spermatocyte.    44.  1-16,  chrome 

somes. 
46  and  47.  Strongly  decolorized   sections   showing  the  longitudinal 

split  of  the  chromosomes.     Divergence  of  the  centrosomes. 
48.  (a)  Side  view  of  the  equatorial  plate  of  the  first  spermatocyte. 

(^)  Anaphase  of  the  first  spermatocyte. 
49-53.  Equatorial  plate  of  the  first  spermatocyte  in  side  view. 
54.  Chromosomes  of  the  first  spermatocyte,  showing  the  longitudinal 

split 
55*  56.  Pole  views  of  the  equatorial  plate  of  the  first  spermatocyte. 

57.  Slightly  oblique  view  of  the  same. 

58.  Anaphase  (side  view). 

59.  Anaphase  (pole  view). 

60.  Anaphase  (tangential  sections). 

61.  Telophases. 

62.  Side  view  of  the  equatorial  plate  of  the  second  spermatocyte. 

63.  The  same  more  strongly  decolorized. 

64.  Pole  view  of  the  same. 

65.  Metaphase. 

66.  67.  Telophases. 

68.  (a  and  d)  Mode  of  formation  of  the  two  main  types  of  chromo- 
some iu  the  first  spermatocyte,     (r)  Intermediate  form. 
69, 70.  Reconstruction  of  the  nucleus  of  the  spermatid. 

70.  Disappearance  of  the  cell  boundaries,    x,  remains  of  degenerated 
cells. 

71.  Variation  in  the  appearance  of  the  spermatid  nucleus. 

72.  Commencing  elongation  of  the  spermatid  nucleus. 

73.  Group  of  spermatids  from  near  the  margin  of  the  testis  lobe.    Ap- 
pearance of  cytoplasmic  striaticns  (hsematoxylin  and    Bordeaux 

(.  red). 

74-79.  Further  development  of  the  spermatids. 

74.  Stage  succeeding  72.     {a)  Longitudinal;  (d)  transverse  section 

(iron  hematoxylin). 

75.  Longitudinal  section  (iron  haematoxylin). 

76.  Longitudinal  section  (Biondi-Ehrlich).     The  middle  figure  alone 
is  complete  anteriorly. 

77.  (a)  Longitudinal;  (^)  oblique  section  (iron  haematoxylin). 

78.  79.  Nearly  mature  sperm  colonies  in  incomplete  longitudinal  sec- 

tion (haematoxylin  and  Bordeaux  red). 
80.  Cross  sections  at  different  levels  of  nearly  mature  sperm  colonies. 
(a)  anterior  to  the  nuclear  region ;  (d,c  and  d)  nuclear  region  ; 
(e),  posterior  to  nuclear  region  (saffranin  and  malachite  green, 
black  ==  red,  gray  =  green). 
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^  8i.  Cross  sections  of  colonies  of  about  the  same  stage  (iron  h«ma. 
toxylin). 
82.  Cross  sections  of  colonies  at  a  later  stage  (iron  hsematoxylin). 
Plats       ^3*  Oroup  of  spermatids  with  convoluted  nuclei.    Cytoplasm  of  the 
XVIII  1  individual  cell  still  evident  (iron  hsematoxylin). 

84.  Mature  sperm  colony  (Delafield's  haematozylin)  (oc.  6,  obj.  D). 

85.  The  same  (hsematoxylin  and  Bordeaux  red). 

86.  The  same  (oc  4,  obj.  AA). 
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ORIGIN  OF  THE  OLIGOCENE  AND  MIOCENE  DEPOSITS 
OF  THE  GREAT  PLAINS. 

BY  J.    B.    HATCHER. 
{^Read  April  S,  190g.) 

Skirting  the  base  of  the  Rocky  Mountains  and  covering  the  sur- 
face of  the  plains  for  some  two  or  three  hundred  miles  to  the  east- 
ward is  a  series  of  Tertiary  cla3rs  and  sandstones  with  a  combined 
maximum  thickness  of  over  1700  feet.  This  extends  from  the  Rio 
Grande  in  southern  Texas  to  and  beyond  the  northern  limits  of 
the  Black  Hills  in  South  Dakota,  and  covers  the  greater  portion  of 
the  plains  of  eastern  New  Mexico  and  Colorado,  southeastern 
Wyoming  and  western  Texas,  Oklahoma,  Kansas,  Nebraska  and 
South  Dakota.  Within  this  1700  feet  of  Tertiary  deposits  there  are 
a  number  of  different  horizons,  which  are  usually  quite  distinct 
both  faunally  and  lithologically.  The  more  important  of  these 
were  long  ago  differentiated  and  given  appropriate  names  by  Hay- 
den,  Leidy,  Cope,  and  others.  If  we  exclude  the  Equus  beds  and 
certain  other  deposits  at  the  top,  of  Pliocene  and  Pleistocene  age, 
and  which  do  not  fall  within  the  limits  of  this  paper,  this  entire 
series  of  rocks  has  been  considered  to  belong  to  two  formations, 
the  White  River,  or  Oligocene,  and  the  I-oup  Fork,  or  Miocene. 
The  White  River,  so  named  from  a  stream  in  northwestern  Nebraska 
and  southwestern  South  Dakota,  where  it  is  particularly  well  repre- 
sented, is  the  lowermost,  and  therefore  the  older  of  these  two 
formations.  It  has  a  maximum  thickness  of  about  700  feet  and 
consists  for  the  most  part  of  very  fine  and  usually  unlaminated  clays, 
with  frequent  lenses  of  sandstones  which  in  places  become  so  coarse 
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as  to  appear  as  conglomerates.  Less  frequently  there  are  strata  of 
limestone.  These  are  usually  only  an  inch  or  two  in  thickness, 
though  occasionally  attaining  to  as  much  as  a  foot.  They  are 
always  of  quite  limited  extent  laterally. 

The  White  River  formation  has  been  subdivided  into  the  Titan- 
otherium  and  Oreodon  beds,  the  former  at  the  base,  the  latter  at 
the  top  of  the  series.  The  Titanotherium  beds  have  a  maximum 
thickness  of  about  two  hundred  feet,  and  are  composed  of  very  fine, 
white,  reddish-  or  greenish-colored  cla)rs  with  numerous  lenses  of 
sandstones  and  conglomerates,  not  faunally  distinguishable,  how- 
ever, from  the  clays.  The  Oreodon  beds,  with  apparently  slight 
local  unconformities,  immediately  overlie  the  Titanotherium  beds. 
They  have  a  maximum  thickness  of  five  hundred  feet  and  consist 
of  brown  or  pinkish-colored  clays,  banded  but  usually  not  lamin- 
ated except  at  one  or  two  horizons  where  distinct  lamination  is 
plainly  visible.  The  clays  of  the  Oreodon  beds  are  interrupted  by 
sandstone  lenses,  though  less  frequently  than  are  those  of  the 
Titanotherium  beds,  and  the  sandstones  of  the  upper  series  are 
usually  of  a  much  finer  grain  than  are  those  of  the  lower.  Toward 
the  bottom  of  the  Oreodon  beds  in  the  Bad  Lands  of  South  Dakota, 
there  is  a  series  of  sandstone  lenses  known  as  the  Metamynodon 
sandstones.  These  sandstones  are  faunally  distinct  from  the  sur- 
rounding clays.  At  the  top  of  the  Oreodon  beds  in  the  same 
region,  these  sandstone  lenses  are  replaced  by  a  second  series  very 
similar  lithologically  to  the  first,  but  quite  distinct  faunally.  These 
upper  sandstone  lenses  have  been  called  the  Protoceras  sandstones. 
Their  fauna  differs  not  only  from  that  of  the  lower  Metamynodon 
sandstones,  but  from  that  of  the  adjoining  clays  as  well.  While 
the  Metamynodon  and  Protoceras  sandstones  are  faunally  quite 
distinct,  both  from  one  another  and  from  the  adjoining  and  under- 
lying clays,  sandstones  and  conglomerates  of  the  Oreodon  and 
Titanotherium  beds,  they  are,  in  so  far  as  is  at  present  known,  of 
extremely  local  distribution.  At  present  neither  of  these  two  series 
of  sandstones  has  been  recognized  outside  of  a  very  limited  area  in 
the  South  Dakota  Bad  Lands.  Here  they  appear  as  lenses  marking 
the  course  of  an  ancient  river  channel,  that  in  Oligocene  times 
crossed  these  plains  in  a  direction  almost  at  right  angles  to  the 
present  courses  of  the  Cheyenne  and  White  Rivers,  now  the  two 
principal  streams  of  this  immediate  region.  On  the  same  horizon 
with  the  Protoceras  sandstones  and  contemporaneous  with  them  in 
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origin^  there  is  in  the  South  Dakota  Bad  Lands  a  series  of  pinkish- 
colored  nodular  clays.  These  clays  are  faunally  quite  distinct,  both 
from  the  adjoining  sandstones  and  the  underlying  clays  of  the  lower 
Oreodon  beds.  Unlike  the  Matamynodon  and  Protoceras  sand- 
stones, this  upper  series  of  clays  is  of  wide  distribution  and  has 
been  recognized  in  South  Dakota,  Nebraska,  Wyoming  and  Colo- 
rado. Dr.  W.  D.  Matthew,  in  his  most  excellent  memoir  on  the 
Fossil  Mammals  of  the  Tertiary  of  Northeastern  Colorado^  has  very 
appropriately  named  these  clays  the  Leptauchenia  Beds,  from  a 
genus  of  fossil  mammals  occurring  abundantly  in  them. 

From  the  above  remarks  it  will  readily  appear  thai  the  White 
River  formation  may  be  separated  faunally  into  three  sub-equal 
primary  divisions.  These  are,  commencing  with  the  lowermost, 
as  fellows : 

1.  The  Titanotherium  Beds,  consisting  of  200  feet  of  fine,  white 
or  greenish-colored  clays  with  numerous  intercalated  lenses  of 
sandstones  and  conglomerates,  the  latter  not  faunally  distinguishable 
from  the  clays. 

2.  The  Oreodon  Beds,  consisting  of  300  feet  of  pinkish-colored, 
banded  and  frequently  nodular  but  usually  unlaminated  clays,  with 
less  frequent  lenses  of  finer  sandstones,  faunally  distinct  and  icnown 
as  the  Metamynodon  sandstones, 

3.  The  Leptauchenia  Beds,  consisting  of  200  feet  of  pinkish- 
colored,  often  nodular  and  banded,  but  unlaminated  clays,  includ- 
ing the  Proieceras  sandstones  above  referred  to. 

The  Loup  Fork  was  the  name  given  by  Cope  to  a  series  of  sand- 
stones and  clays  well  represented  in  western  Nebraska  and  Kansas. 
This  formation  has  since  been  found  to  have  a  very  wide  distribu- 
tion, and  to  extend  almost  uninterruptedly  all  along  the  eastern  base 
of  the  Rockies  from  Mexico  to  the  Missouri  River.  It  attains  its 
greatest  development  in  southeastern  Wyoming  and  northwestern 
Nebraska,  where  it  has  a  thickness  of  more  than  1500  feet. 

The  sediments  of  the  Loup  Fork  formation  have  not  been  so 
thoroughly  studied  as  those  of  the  White  River,  and  their  faunal 
and  lithological  characters  are  consequently  less  perfectly  known. 
The  latest  attempt  at  a  difierentiation  of  the  various  horizons  within 
the  Loup  Fork  is  that  of  Darton.  Chiefly  by  lithological  characters 
he  has  divided  the  Loup  Fork  of  northwestern  Nebraska  into  three 
divisions.     Commencing  below  these  are : 
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1.  The  Gering  Sandstones, — These  consist  of  some  200  feet  of 

laminated,  massive  and  cross-bedded  sandstones,  found  either 
conformably  or  unconformably  overlying  the  White  River 
formation  at  various  localities  in  western  and  northwestern 
Nebraska.  They  are  well  shown  at  the  mouth  of  Monroe 
Creek  cafion,  some  five  miles  north  of  Harrison,  Sioux 
County,  Nebraska.  Few  fossils  have  been  found  in  these 
sandstones. 

2.  The  Arikaree  Sandstones, — These  consist  of  some  500  feet  or 

more  of  light- gray,  soft,  massive  sandstones,  everywhere 
characterized  by  numerous,  flattened,  horizontally  columnar, 
hard,  dark-gray  concretions.  These  concretions  have  an 
average  vertical  thickness  of  about  one  foot ;  they  are  fre- 
quently several  yards  in  width  and  often  several  hundred  feet 
in  length.  They  have  a  general  northwesterly  and  south- 
easterly trend.  The  Arikaree  sandstones  are  especially  well 
developed  in  the  northern  face  of  Pine  Ridge,  in  Sioux 
County,  Nebraska,  and  Converse  County,  Wyoming.  In 
this  region  these  sandstones  may  be  conveniently  subdivided 
into  an  upper  and  lower  series,  easily  distinguishable  both  by 
faunal  and  lithological  characters.  These  subdivisions  in 
the  Arikaree  will  be  referred  to  and  fully  described  later. 

3.  The  Ogalalla  Formation. — This  consists  of  a  series  of  calcar- 

eous grits,  loose  brown  sands  and  clays  with  occasional  coarse 
conglomerates,  the  whole  attaining  to  an  aggregate  maximum 
thickness  of  300  feet.     It  is  the  equivalent  of  the  Goodnight 
(Palo  Duro)  beds  of  Texas  and   Kansas,  and   is  especially 
well  developed  in  western  Nebraska  and  Kansas,  between  the 
Platte  and  Arkansas  Rivers.     It  is  usually  referred  to  the 
Pliocene,  but  a  portion,  or  all  of  it,  may  yet  prove  to  belong 
to  the  Miocene. 
Returning  to  the  Arikaree  formation,  I  have  already  remarked 
that  in  Sioux  County,  Nebraska,  and  Converse  County,  Wyoming, 
it  is  lithologically  and  faunally  divisible  into  two  easily  distinguish- 
able horizons.      Commencing  below,  these  may  be   named  and 
characterized  as  follows : 

I.  The  Monroe  Creek  Beds. — These  are  well  shown  in  the  north- 
ern face  of  Pine  Ridge,  at  the  mouth  of  the  Monroe  Creek 
cafion,  five  miles  north  of  Harrison,  Nebraska,  where  they 
overlie  the  Gering  sandstones,  and  are  composed  of  some 
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300  feet  of  very  light-colored,  fine-grained,  not  very  hard, 
but  firm  and  massive  sandstones.  On  account  of  their 
usually  barren  nature  they  have  been  neglected  by  collectors, 
and  very  little  is  known  concerning  their  fauna  beyond  the 
fact  that  toward  the  top  they  contain  Promerycochoerus. 
They  decrease  in  thickness  very  rapidly  to  the  eastward  and 
increase  to  the  westward. 
2.  The  Harrison  Beds, — These  are  well  shown  in  the  bluflFs  of 
all  the  small  streams  that  head  near  the  summit  of  Pine 
Ridge,  in  the  vicinity  of  Harrison,  Nebraska.  They  are 
also  known  to  cover  a  considerable  area  to  the  east,  west  and 
south  of  that  village,  extending  well  into  the  State  of 
Wyoming.  They  are  composed  of  about  200  feet  of  fine- 
grained, rather  incoherent  sandstones,  permeated  by  great 
numbers  of  siliceous  tubes  arranged  vertically  rather  than 
horizontally.  They  are  further  characterized  by  the  presence, 
often  in  the  greatest  abundance,  of  those  peculiar  and  inter- 
esting, but  as  yet  not  well  understood,  fossils  known  as 
Dsemonelix,  and  by  a  considerable  variety  of  fossil  mammals 
belonging  to  characteristic  Miocene  genera.  They  imme- 
diately and  conformably  overlie  the  Monroe  Creek  beds  and 
pass  insensibly  into  them.  Above  these  come : 
The  Nebraska  Beds,  of  Scott. — These  consist  of  a  series  of  buff- 
colored  sandstones  of  varying  degrees  of  hardness  and  un- 
known thickness,  with  occasional  layers  of  siliceous  (not 
calcareous)  grits,  which  protrude  as  hard,  indurated  or  shelv- 
ing masses  from  the  underlying  and  overlying  softer  materials. 
These  beds  are  rich  in  vertebrate  fossils,  such  genera  as 
Cosoryx,  Protolabis,  Cyclopidius  and  Merycochoerus  pre- 
dominating. They  are  represented  at  various  localities  along 
the  Niobrara  River,  south  of  Harrison,  Nebraska,  where 
they  are  of  unknown  thickness  and  immediately  overlie  the 
Harrison  beds.  Toward  the  south  they  pass  beneath  the 
Ogalalla  formation. 
According  to  the  above  classification  all  the  Miocene  deposits  of 
this  region  are  referred  to  the  Loup  Fork,  notwithstanding  their 
great  thickness  and,  in  certain  localities  at  least,  their  apparent  con- 
formity with  the  underlying  Oligocene  deposits,  and  without  regard 
for  the  fact  that  throughout  the  lowermost  500  to  1500  feet  of  these 
sediments  there  is  as  yet  practically  no  paleontological  evidence  as 
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to  their  exact  age  and  correlation.  Considering  the  absence  of 
such  direct  paleontological  evidence,  it  may  be  just  as  well  to  con- 
tinue to  refer  this  entire  series  to  the  Loup  Fork ;  but  I  believe  it 
more  probable  that  the  Gering  sandstones,  and  perhaps  a  portion  at 
least  of  the  overlying  Monroe  Creek  beds,  will  prove  eventually  to 
belong  to  the  John  Day  rather  than  the  Loup  Fork.  The  maximum 
thickness  of  these  two  formations  in  Converse  County,  Wyoming, 
can  hardly  be  less  than  1500  feet,  and  almost  nothing  is  known  of 
the  fauna  of  this  entire  series.  Although  for  the  most  part  quite 
barren  of  fossils,  it  would  seem  that  somewhere  throughout  its  great 
vertical  and  lateral  extent  there  must  be  fossiliferous  horizons,  and 
that  within  these  representatives  of  the  John  Day  fauna  will  yet  be 
found.  The  paucity  of  these  beds  as  compared  with  the  great 
wealth  of  fossils  in  the  underlying  and  overlying  deposits,  have 
heretofore  caused  them  to  be  almost  totally  neglected  by  collectors. 
I  believe  a  better  classification  of  these  beds  would  be  obtained  by 
making  Darton's  Arikaree  coordinate  with  the  Loup  Fork,  includ- 
ing within  it  the  Gering  sandstones  and  Monroe  Creek  beds,  cor- 
relating it  provisionally  with  the  John  Day. 

The  following  table  is  submitted  as  expressing  the  present  author's 
views  as  to  the  proper  classification  of  the  Oligocene  and  Miocene 
deposits  of  this  region.  It  is  based  on  our  present  knowledge  of 
the  faunal  and  lithological  characters  of  the  various  horizons  as 
they  have  been  determined,  chiefly  in  northwestern  Nebraska  and 
southwestern  South  Dakota,  where  these  deposits  are  best  repre- 
sented and  have  been  most  thoroughly  studied. 

Table  of  Oligocene  and  Miocene  Formations  of  Western 

Plains. 


r 

Loup  Fork. 


Miocene. 


Goodnight  =  Palo  Duro  =  Ogalallm. 
Nebraska  =  Upper  Deep  River. 
Harrison  r=  Hiatus  between  Lower*and  Upper  Deep 
River. 


■•{ 


Monroe  Creek  =  Upper  John  Day  and  Lower  Deep 
Arikaree.      "l  R>vcr. 

Gering  Sandstones  =  Lower  John  Day. 


Oligocene  =  White  River. 


Leptauchenia  Clays,  including  Protoceras  Sand- 
stones. 

Oreodon  Clays,  including  Metamynoddn  Sand- 
stones. 
1,  Titanotherium  Sandstones  and  Clays. 
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The  writer  is  well  aware  that  the  above  correlation  of  the  Gering 
and  Monroe  Creek  sandstones  is  open  to  criticism,  as  being  at 
present  inadequately  substantiated  by  direct  paleontological  evi- 
dence. However,  it  should  be  remembered  that  on  the  other  hand 
there  are  no  direct  paleontological  evidences  against  such  correla- 
tion, and  that  since  sedimentation  seems  to  have  been  continuous 
at  certain  localities  in  this  region,  from  the  base  of  the  White  River 
to  the  top  of  the  Loup  Fork,  the  John  Day  should  be  represented 
somewhere  in  the  series,  and  that  the  lithological  sequence,  as  well 
as  the  faunas  of  the  overlying  and  underlying  rocks,  point  to  the 
Gering  and  Monroe  Creek  sandstones  as  the  logical  representatives 
of  the  John  Day  formation  in  this  region. 

Origin  of  the  Deposits. 

Until  very  recently  the  sediments  of  this  entire  series  of  deposits 
have  been  very  generally  considered  as  of  lacustrine  origin,  and  the 
boundaries  of  these  supposed  great  Oligocene  and  Miocene  lakes 
have  been  set  forth  in  text-books  and  scattered  papers,  and  espe- 
cially in  the  classroom  lectures  on  the  subject  at  our  various  uni- 
versities, with  a  preciseness  only  surpassed  by  that  of  the  modern 
geographer  when  dealing  with  existing  lakes. 

The  earlier  writers,  including  David  Dale  Owen,  King,  Hayden, 
Leidy,  Cope,  Marsh  and  others,  were  always  accustomed  to  speak 
of  these  deposits  as  lacustrine,  and  they  are  at  present  so  considered 
by  many  authorities.  Recently,  however,  their  lacustrine  origin 
has  been  rejected,  at  least  partially,  by  a  considerable  number  of 
competent  observers,  several  of  whom  have  had  most  excellent 
opportunities  for  studying  them.  This  is  especially  true  of  the 
upper  or  Loup  Fork  series  of  deposits,  which  has  now  come  very 
generally  to  be  considered  as  of  combined  lacustrine,  fluviatile, 
flood-plain  and  aeolian  origin,  instead  of  as  having  been  laid  down 
over  the  bottom  of  a  great  and  continuous  body  of  water,  as  was 
formerly  supposed. 

With  regard  to  the  origin  of  the  underlying  White  River  series, 
however,  it  has  been  diflFerent ;  and  with  a  few  exceptions  these 
deposits  are  still  regarded  as  of  lacustrine  origin.  Dr.  W.  D. 
Matthew,  in  an  article  entitled  **  Is  the  White  River  Tertiary  an 
-^olian  Formation?"  published  in  the  American  Naturalist,  for 
May,  1899,  was  the  first  to  seriously  question  the  lacustrine  origin 
of  these  deposits.     In   his  "  Fossil  Mammals  of  the  Tertiary  of 
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Northeastern  Colorado,"  published  as  Part  VII  of  Vol.  I  of  the 
Memoirs  of  the  American  Museum  of  Natural  History^  Dr.  Mat- 
thew has  set  forth  additional  facts  in  favor  of  his  aeolian  theory  as 
to  the  origin  of  the  deposits,  which,  if  not  furnishing  conclusive 
evidence  as  to  the  correctness  of  his  theory,  at  least  make  it  very 
clear  that  the  lacustrine  theory  is  alone  unable  to  explain  many  well- 
known  facts  relating  to  the  nature  of  these  deposits  and  the  distri- 
bution, condition  and  nature  of  the  animal  remains  found  in  them. 
W.  D.  Johnson,  in  his  paper  on  "  The  High  Plains  and  their  Utili- 
zation," published  in  the  Twenty-first  Annual  Report  of  the  United 
States  Geological  Survey,  has  entirely  ignored  the  lacustrine  theory 
of  the  origin  of  any  of  the  Tertiary  deposits  of  the  plains,  holding 
that  they  are  of  fluviatile  and  fiood-plain  origin,  while  Dr.  J.  C. 
Merriam,  in  a  recent  paper  on  "The  Geology  of  the  John  Day 
Basin,"  rejects  the  lacustrine  theory  of  the  origin  of  those  deposits, 
which  had  previously  remained  unquestioned.  The  above  are  the 
leading  authorities  among  those  who  have  questioned  the  lake 
theory  as  to  the  origin  of  these  beds.  On  the  other  side  the  lacus- 
trine origin  of  the  rocks  of  the  White  River  series,  at  least,  has 
been  maintained  by  Todd,  Scott,  Darton  and  others,  though 
none  of  these  authorities  have  thought  it  worth  while  to  support 
their  contentions  by  the  production  of  any  considerable  direct  or 
indirect  evidence  bearing  on  the  case.  Like  the  earlier  writers  they 
have,  almost  without  exception,  set  forth  their  views  as  if  they  were 
well-established  facts  and  beyond  question  or  criticism.  The  fol- 
lowing quotation  from  Scott  is  a  fair  example.  In  speaking  of  the 
Oligocene  series,  on  page  507  of  his  Introduction  to  Geology ^  he 
says :  "  But  in  the  interior  regions  are  extensive  fresh  water  deposits 
which  clearly  should  be  referred  to  it  and  which  form  the  White 
River  stage.  The  largest  body  of  water  of  this  time  occupied 
northeastern  Colorado,  southeastern  Wyoming,  much  of  western 
Nebraska  and  South  Dakota."  But  the  limits  of  this  supposed 
Oligocene  lake  have  lately  been  greatly  extended  by  Darton,  who 
has  contended  that  it  covered  all  of  eastern  and  central  Wyoming, 
and  a  considerable  portion  of  Montana  and  North  Dakota  as  well ; 
so  that  one  is  at  a  loss  to  understand  where  lived  the  terrestrial 
mammals  and  reptiles  whose  remains  are  now  found  in  such  abund- 
ance in  the  deposits. 

The  lacustrine  theory  had  its  origin  in  the  until  recently  univers- 
ally accepted  idea  that  all  sedimentary  rocks  showing  stratification 
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or  bedding  were  deposited  in  either  marine  or  fresh  waters.  More- 
over the  color-bands  exhibited,  more  especially  by  the  clays  of  the 
White  River  series,  have  been  very  generally  mistaken  for  examples 
of  stratification  and  lamination,  while  true  lamination  in  the  clays 
of  this  series  is  rare  and  usually  of  very  limited  extent  both  verti- 
cally and  horizontally. 

Dr.  Matthew,  in  his  Memoir  already  referred  to,  has  set  forth  in 
very  clear  and  concise  language  the  principal  stratigraphic  and 
paleontologic  evidences  against  the  lacustrine  theory  as  observed  by 
him  for  these  deposits  in  northeastern  Colorado.  It  will  be  the 
chief  purpose  of  the  succeeding  pages  of  this  paper  to  extend  these 
observations  into  southeastern  Wyoming  and  western  Nebraska  and 
South  Dakota,  and  to  record  some  additional  facts  relating  to  the 
stratigraphy,  paleontology  and  paleobotany  of  the  beds,  with  espe- 
cial reference  to  their  bearing  upon  the  origin  and  mode  of  depo- 
sition of  the  latter. 

Matthew  has  already  called  attention  to  the  physical  and  topo- 
graphical difficulties,  as  well  as  to  the  lack  of  terraces  and  of  certain 
stratigraphical  characters  which  should  exist  if  these  deposits  had 
their  origin  in  a  body  of  fresh  water  of  a  size  comparable  with  that 
outlined  by  Scott.  These  difficulties,  already  serious,  are  only 
augmented  by  the  increased  dimensions  of  this  lake  proposed  by 
Darton.  If  we  confine  it,  however,  to  the  much  more  restricted 
limits  given  by  Dr.  Scott  we  still  have  a  lake  of  very  considerable 
dimensions,  greatly  exceeding  in  size  those  of  any  fresh-water  lake 
of  modern  times,  with  no  barrier  to  the  east  or  south  to  retain  its 
waters,  without  recognizable  terraces  about  its  shores,  and  with  a 
distribution  of  materials  and  of  remains  of  fresh  water,  and  of 
terrestrial  plants  and  animals  which  are  at  least  difficult,  if  not 
impossible,  of  explanation  by  the  assumption  of  the  presence  of  a 
great  lake. 

Character  of  the  Materials  in  the  White  River  Series. 

We  have  already  observed,  while  discussing  the  classification  of 
the  White  River  beds,  the  presence  in  them  of  frequent  lenses  of 
sandstones  and  conglomerates.  These  sandstone  and  conglomerate 
lenses  are  not  arranged  concentrically  at  varying  altitudes  about  the 
margins  of  this  supposed  great  lake,  but  extend  as  greatly  elongated 
and  narrow  lenses  far  out  into  the  very  centre  of  the  region  which 
this  lake  has  been  supposed  to  have  occupied.     They  occur  at  all 
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horizons,  show  frequent  examples  of  cross-bedding  and  their  irregu- 
lar course,  as  well  as  the  spheroidal  shape  of  the  pebbles  they  con- 
tain,' and  the  increased  fineness  of  the  materials  of  which  they  are 
composed  as  one  proceeds  from  the  margin  toward  the  interior,  are 
all  characters  strongly  suggesting  that  they  were  deposited  in  river 
channels.  Moreover,  the  materials  of  these  sandstone  and  con- 
glomerate lenses  are  not  only  coarser  about  the  western  borders  of 
the  beds,  but  the  lenses  are  far  more  numerous  in  that  region. 
Toward  the  interior  these  lenses  converge  and  unite  without  spread- 
ing out  laterally,  so  that  in  the  region  lying  east  of  the  Black  Hills 
in  South  Dakota,  at  a  distance  of  fifty  to  seventy-five  miles  from 
the  mountains,  the  sandstones  are  finer,  less  frequent  and  are  sepa- 
rated by  greater  areas  of  fine  cla)rs,  just  as  the  streams  of  the  present 
day  unite  and  become  fewer  in  number  as  we  proceed  farther  from 
their  sources. 

The  Metamynodon  and  Protoceras  sandstones,  as  well  as  certain 
intermediate  and  underlying  sandstones,  present  many  evidences, 
like  those  just  enumerated,  which  strongly  suggest  that  they  were 
deposited  in  river  channels.  Taking  the  Protoceras  sandstones  as 
the  most  favorable  example,  owing  to  the  greater  extent  to  which 
they  have  been  exposed  by  the  subsequent  erosion  of  the  overl)ring 
sediments,  they  are  seen  to  extend  as  a  series  of  narrow  elongated 
lenses  from  the  summit  of  the  Cheyenne  and  White  River  divide 
for  several  miles  to  the  southward  of  the  last-mentioned  stream, 
where  they  pass  beneath  more  recent  deposits.  Throughout  their 
entire  extent  they  exhibit  frequent  examples  of  cross-bedding, 
while  the  sands  become  finer  and  the  channels  fewer  in  number  and 
broader  and  deeper  as  ones  goes  southward  toward  and  across 
White  River.  That  they  have  been  removed  by  erosion  over  con- 
siderable areas  lying  between  their  present  limits  and  the  Black 
Hills  is  evident.  At  the  summit  of  the  Cheyenne  and  White  River 
divide  there  are  several  of  these  sandstone  lenses  at  approximately 
the  same  horizon.  These  bear  many  evidences  of  having  been 
deposited  in  the  channels  of  small  streams  or  rivers  pertaining  to  a 
single  drainage  system,  which  had   its  source  somewhere  in  the 

^  A  conglomerate  accumulated  by  a  ruaniag  stream  can  usually  be  distin- 
gtiished  very  readily  from  one  formed  on  the  beach  of  a  lake  or  sea,  by  the  shape 
of  the  contained  pebbles.  In  the  first  instance  the  pebbles  have  been  reduced  to 
irregular  spheroids  by  the  rolling  m3tion  to  which  they  have  been  submitted  by 
the  current.    In  the  second  they  are  more  generally  flattened  diski. 
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present  region  of  the  Black  Hills  and  was  tributary  to  a  much 
larger  river  coming  from  the  southwest.  These  sandstone  lenses 
appear  to  converge  and  unite  as  one  proceeds  toward  White  River, 
like  the  tributaries  of  recent  streams.  I  am  at  a  lo£s  to  understand 
how  these  greatly  elongated  sandstone  lenses,  confined  laterally  to 
at  most  only  a  few  hundred  yards  in  breadth,  and  necessitating  the 
presence  of  strong  currents,  could  have  been  deposited  in  the  bot- 
tom of  a  great  lake.  For  they  appear  not  only  to  extend  quite 
across  the  entire  region  which  this  lake  has  been  supposed  to  have 
occupied,  but  these  or  very  similar  sandstones  are  found  at  inter- 
vals throughout  the  entire  vertical  and  lateral  extent  of  the  beds, 
although  as  one  recedes  eastward  from  the  western  border  they 
become  less  frequent  and  of  finer  grain.  Such  difficulties  as  those 
just  mentioned,  together  with  others  to  be  referred  to  later,  long 
ago  demonstrated  to  the  present  writer  the  untenable  nature  of 
the  lake  theory  as  to  the  origin  of  these  deposits. 

If  these  beds  had  their  origin  in  a  great  lake  it  may  very  natu- 
rally be  asked,  Where  are  the  remains  of  the  aquatic  fauna  which  a 
lake  of  such  dimensions  may  very  reasonably  be  supposed  to  have 
contained  ?  The  reply  has  been  made,  and  will  be  forthcoming 
from  advocates  of  the  lake  theory,  that  the  waters  of  this  great  lake 
were  of  such  a  saline  or  alkaline  nature  that  it  was  incapable  of 
supporting  life.  Hence  the  absence  of  the  remains  of  aquatic 
animals.  But  I  shall  show  presently  that  such  bodies  of  water  as 
did  exist  in  this  region  during  the  deposition  of  these  beds  were 
not  only  not  of  such  a  nature,  but  that  they  were  eminently  fitted 
for  the  support  of  aquatic  life  and  did  in  fact  support  such  life,  both 
plant  and  animal,  in  great  abundance. 

Again,  if  a  lake  deposit,  how  did  the  remains  of  terrestrial  mam- 
mals and  reptiles  receive  their  present  distribution  throughout  these 
beds?  It  has  been  maintained  by  advocates  of  the  lake  theory 
that  the  fine-grained,  banded  clays  were  deposited  in  the  deep  and 
quiet  waters  of  the  lake  and  the  sandstone  and  conglomerate  lenses 
along  the  shores  and  about  the  mouths  of  tributary  streams,  while 
the  preservation  and  distribution  of  the  remains  of  terrestrial  mam- 
mals and  reptiles  was  accomplished  by  the  drifting  about  in  the 
lake  of  dead  carcasses  brought  down  by  the  tributary  streams.  Such 
a  theory  requires  conditions  which  are  not  only  quite  unreasonable 
but  unparalleled  elsewhere,  both  in  the  deposits  of  the  lakes  and 
seas  of  the  present  day  and  those  of  past  geological  epochs.     Fur- 
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thermore  it  not  only  does  not  account  for  but  is  actually  opposed 
to  the  present  distribution  of  the  fossils.  If,  as  we  are  told,  the 
fine  clays  were  deposited  over  the  deeper  and  quieter  waters  of  the 
lake  and  the  sandstones  and  conglomerates  about  the  mouths  of 
rivers  and  along  the  shores,  why,  I  may  ask,  is  it  that  the  former 
contain  absolutely  by  thousands  the  remains  of  giant  land-tortoises, 
while  these  if  not  entirely  absent  are  conspicuously  rare  in  the 
sandstones,  while  the  few  examples  of  Trionyx,  an  aquatic  turtle, 
have,  in  so  far  as  I  know,  all  been  recovered  from  the  sandstones  ? 
I  have  myself  collected  a  number  of  these  latter  from  the  sand- 
stones. If  the  land-tortoises  were  brought  into  the  lake  by  the 
rivers,  ought  we  not  to  expect  that  their  remains  would  be  found  in 
at  least  as  great  an  abundance  in  the  sandstones  as  in  the  clays  ? 
Again,  while  it  is  quite  possible  to  conceive  of  even  a  huge  animal 
of  such  elephantine  size  as  was  Titanotherium  as  having  met  death 
by  drowning  or  otherwise  in  or  near  some  stream,  where  the  dead 
body  inflated  by  gases  would  be  carried  out  by  the  current  into  the 
waters  of  the  lake  to  sink  later,  allowing  the  bones  to  be  preserved 
in  the  clays  at  the  bottom,  it  is  difficult  to  understand  how  such 
examples  could  be  other  than  exceptional,  and  it  is  totally  incapable 
of  explaining  the  present  distribution  and  abundance  of  such  bones. 
In  such  a  case  as  that  just  supposed  it  seems  quite  probable  that 
once  decomposition  had  proceeded  far  enough  to  weaken  the  body 
walls  sufficiently  to  permit  of  the  escape  of  the  confined  gases,  the 
carcass  would  sink  to  the  bottom  and  the  bones  of  the  skeleton  be 
preserved  in  approximately  their  normal  position  relative  to  one 
another,  just  as  are  the  skeletons  of  marine  reptiles  in  the  chalk 
beds  of  western  Kansas  or  at  Lyme- Regis  in  England.  If  this 
were  the  case  we  should  expect  to  find  complete  skeletons  at  least 
fairly  common,  but  they  are  in  fact  exceptionally  rare,  and  for 
every  even  approximately  complete  skeleton  to  be  found  there  are 
scores  of  isolated  skulls  and  other  bones.  Taking  Titanotherium  as 
an  example,  I  have  myself  collected  nearly  two  hundred  skulls  of 
this  animal,  while  the  number  of  fairly  complete  skeletons  at  pres- 
ent known  may  be  counted  on  the  fingers  of  one  hand.  What 
is  true  of  this  animal  applies  likewise  to  the  others  found  in 
the  beds. 

But,  it  will  be  asked,  if  the  lake  theory  is  so  objectionable,  why 
do  you  not  offer  a  better?  Such  has  already  been  done  by 
Matthew,  and  it  is  the  purpose  of  the  present  paper  to  support 
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in  a  somewhat  modified  form  the  theory  advanced  by  him, 
extending  his  observations  and  adding  certain  additional  facts 
observed  by  the  present  writer  and  bearing  directly  upon  the 
subject. 

Matthew's  theory  as  to  the  origin  of  these  deposits  may  best  be 
described  in  his  own  language.  Speaking  of  the  conditions  attend- 
ing the  deposition  of  these  beds,  he  says :  "  The  nature  of  the 
organic  remains,  where  such  have  been  found,  seem  to  definitely 
negative  the  idea  of  any  vast  lake,  and  to  favor  less  the  theory  of  a 
series  of  lagoons  and  swamps  than  that  of  a  broad,  open  and  com- 
paratively level  plain,  with  shallow,  probably  wooded,  rivers 
meandering  over  parts  of  it  and  deposits  partly  or  chiefly  brought 
by  rivers,  but  in  large  part  redistributed  over  the  higher  sodded 
grassland  by  the  agency  of  the  wind."  With  most  of  the 
principal  features  of  this  theory  as  applied  by  its  author  the  present 
writer  is  in  accord.  I  believe,  however,  that  the  materials  on  the 
whole  partake  more  of  the  nature  of  fluviatile  and  flood-plain 
deposits  than  of  those  characteristic  of  prairie  loess. 

Paleontological  Evidences. 

The  distribution,  stale  of  preservation,  nature  and  character  of 
the  animal  and  plant  remains  found  in  the  clays  and  sandstones,  as 
well  as  the  distribution  of  the  latter,  absolutely  preclude  the  possi- 
bility of  their  having  been  deposited  in  a  vast  lake  and  favor  the 
presence  of  streams  meandering  through  low,  broad,  level,  open  or 
wooded  valleys  subjected  in  part  at  least  to  frequent  inundations, 
conditions  very  similar  to  those  at  present  prevailing  in  the  interior 
of  South  America,  about  the  headwaters  of  the  Orinoco,  the 
Amazon  and  the  Paraguay  and  Parana  Rivers. 

Now  it  is  evident  that  if  such  conditions  prevailed  in  this  region 
during  the  deposition  of  the  White  River  beds  there  should  remain 
certain  evidences  concerning  it,  such  as  filled-in  river  channels  and 
small  lagoons  with  their  characteristic  deposits  and  remains  of  the 
animal  and  vegetable  life  peculiar  to  each.  Moreover  some  indica- 
tion at  least  of  the  forests  should  remain  and  be  found  somewhere 
in  this  vast  region.  With  these  and  many  other  points  constantly 
in  mind  the  writer  passed  a  considerable  portion  of  the  seasons  of 
1900  and  1 90 1  in  exploring  these  deposits.  Particular  attention 
was  given  to  ascertaining  whether  or  not  they  contained  an  aquatic 
fauna  and  flora.     The  sandstone  lenses  were  especially  examined 
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with  reference  to  this,  for  whether  the  deposits  as  a  whole  were  of 
lacustrine  origin   or  not,  there  could  be  little  doubt   as   to  the 
aqueous   origin  of   the  sandstones.     Though   for  the   most  part 
remarkably  barren  of  aquatic  life,  remains  of  Trionyx,   fishes  and 
crocodiles  were  found,  and  in  one  locality  the  casts  of  unios  were 
observed  in  great  numbers.     A  search  in  the  clays  of  the  Titano- 
therium  and  overlying  Oreodon  beds  was  rewarded  with  greater 
success,  for  numerous  thin  layers  of  limestone,  varying  in  thickness 
from  a  fraction  of  an  inch  to  a  foot  or  more  and  always  of  limited 
areal  extent,  were  discovered  at  many  horizons  rich  in  the  remains 
cf  fresh-water  plants  and  mollusca,  such  characteristically  shallow- 
water  forms  as  Chara,  Limnaea,  Physa  and  Planorbis  occurring  in 
the  greatest  abundance.    I  have  submitted  these  mollusca  to  Drs. 
Dall,  Pilsbry  and  Stanton,  and  all  have  assured  me  that  they  belong 
to  species  inhabiting  swamps  and  small  ponds,  and  could  not  have 
lived  in  the  midst  of  a  great  lake ;  while  Dr.  Knowlton,  who  has 
examined  the  plants,  finds  in  great  abundance  the  stems  and  seeds 
of  Chara,  which,  as  all  know,  is  distinctly  an  inhabitant  of  small 
springs,  shallow  ponds  and  brooks.     The  presence  of  these  thin 
limestone  layers  with  such   characteristically  swamp  plants    and 
mollusca  as  are  Chara  and  Physa  at  various  horizons  throughout  the 
White  River  series,  and  in  the  very  midst  of  the  region  which  was 
supposed  to  have  been  occupied  by  a  great  lake,  and  intercalated 
with  the  clays  which  advocates  of  the  lake  theory  maintain  were 
deposited  in  the  deep  and  quiet  waters,  would  appear  to  preclude 
the  possibility  of  the  existence  of  such  a  lake   in  White  River 
times.     Moreover  remains  of  forests  were  found  at  several  places 
and  at  different  horizons  throughout  these  beds.    At  various  locali- 
ties in  the  Hat  Creek  basin  in  Sioux  County,  Nebraska,  I  discov- 
ered remains  of  the  silicified  trunks  of  trees  and  seeds  belonging 
especially  to  Hickoria  and  Celtis.     These  were  found  at  various 
horizons  from  the  middle  Titanotherium  beds  to  the  very  top  of  the 
Loup  Fork.     And  in  South  Dakota,  some  twelve  miles  north  of 
White  River,  opposite  the  mouth  of  Corn  Creek,  I  discovered  the 
remains  of  a  no  inconsiderable  forest.     Here  in  the  upper  Titano- 
therium beds  and  lower   Oreodon  beds  there  occur,  actually  by 
hundreds,  the  silicified  stumps  and  partially  decayed  trunks  of  trees, 
weathering  out  of  the  fine  clays  of  these  deposits.     It  was  notice- 
able that  only  the  knots  and  lower  stumps  had  been  preserved. 
Nothing  like  complete  trunks  were  to  be  observed,  and  the  entire 
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aspect  was  that  of  the  remains  of  a  dead  and  decayed  forest  on  the 
margin  of  some  stream,  where  only  the  less  destructible  knots  and 
stumps  would  endure  sufficiently  long  to  be  finally  covered  up  and 
preserved.  In  this  same  region  there  were  discernible  certain 
strata  which  seemed  to  indicate  that  during  the  deposition  of  these 
beds  there  had  been  at  several  horizons  an  accumulation  of  vegeta- 
ble mould  or  humus,  and  on  Dry  Creek,  some  five  miles  northeast 
of  Chadron,  in  Dawes  County,  Nebraska,  I  observed  near  the  base 
of  the  Oreodon  beds  a  stratum  of  some  two  feet  of  dark-colored 
humus,  clearly  indicating  that  this  region  had  not  been  occupied 
by  a  great  lake  while  this  stratum  was  being  deposited. 

The  advocates  of  the  lake  theory  have  always  maintained  that 
the  fine  clays  of  the  Oreodon  and  Titanotherium  beds  were 
deposited  in  the  deep  and  quiet  waters  of  the  lake,  explaining  the 
absence  of  the  remains  of  an  aquatic  fauna,  such  as  a  lake  of  so 
great  dimensions  might  in  all  reason  be  expected  to  maintain,  on 
the  theory  that  this  lake  was  of  such  a  saline  or  alkaline  nature  as 
to  render  its  waters  uninhabitable  by  crocodiles,  turtles  and  fresh- 
water fishes.  But  I  have  shown  that  the  remains  of  such  animals 
do  occur,  though  sparsely,  wherever  there  is  evidence  of  sufficient 
water  to  maintain  them.  The  character  and  abundance  of  the 
mollusca  and  aquatic  plants  found  in  the  thin  limestone  lenses 
throughout  the  clays  show  that  such  bodies  of  water  as  were  pres- 
ent, although  limited  in  area,  were  eminently  well  adapted  to  fresh- 
water life.  The  great  abundance  of  land-tortoises  in  the  clays  and 
their  almost  complete  absence  in  the  sandstones  is  very  strong  if 
not  positive  evidence  that  the  former  were  not  deposited  in  the 
bottom  of  a  great  lake,  for  I  do  not  believe  that  any  one  will 
assume  to  explain  the  present  distribution  of  the  remains  of  these 
land-turtles  on  the  lake  theory.  After  a  careful  consideration  of 
the  materials  composing  the  White  River  deposits  and  the  distribu- 
tion and  character  of  the  fossils  throughout  the  sandstones,  con- 
glomerates, clays  and  limestones,  the  present  writer  believes  that 
the  sandstones,  conglomerates  and  a  portion  of  the  clays  were 
deposited  in  river  channels,  while  the  limestone  lenses,  so  rich  in 
the  remains  of  aquatic  plants  and  mollusks,  originated  in  shallow 
ponds  and  lakes  scattered  over  the  higher  table-lands  and  the  broad 
flood-plains  of  the  rivers,  where  for  the  most  part  the  finer  clays 
were  deposited  by  occasional  inundations  and  through  the  agency 
of  the  winds.     Such  a  theory  as  to  the  origin  of  the  White  River 
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beds  appears  to  the  writer  not  only  to  be  in  harmony  with  all  the 
observed  facts,  but  moreover  the  conditions  which  it  presupposes 
are  paralleled  by  existing  conditions  in  other  parts  of  the  earth's 
surface. 

The  following  description  of  the  conditions  at  present  prevailing 
about  the  sources  of  the  Parana  and  Paraguay  Rivers  in  central 
South  America  has  been  furnished  me  by  Mr.  H.  H.  Smith, 
who  has  spent  several  years  in  that  region  and  has  had  exceptional 
advantages  for  studying  the  physical  conditions  that  obtain  about 
the  headwaters  of  these  streams  and  their  tributaries.     He  says : 

'*  Ascending  the  River  Paraguay  from  Asuncion,  the  river  hugs 
the  higher  lands  of  the  eastern  or  Paraguay  side  or  is  separated  from 
them  by  strips  of  alluvium.  On  the  western  or  Chaco  side  the 
ground  is  always  low  and  fiat,  hardly  above  reach  of  the  annual 
freshets  and  proportionally  a  little  lower  toward  the  north. 
During  the  rains  water  covers  large  spaces  of  these  flatlands,  but 
it  does  not  come  from  the  river  and  is  gradually  drained  away 
after  the  rains  cease.  Above  the  mouths  of  the  Vermejo  the 
Chaco  bank  is  at  first  covered  with  low  forest ;  farther  north 
great  areas  have  a  scattered  growth  of  Caranda  palms  with  grass 
beneath,  but  with  no  other  vegetation.  The  Chaco  plains  extend 
far  inland  to  the  table-land  of  Bolivia,  which  is  said  to  fall  abruptly 
to  the  plain. 

"  At  latitude  21°  26'  40"  S.  the  river  flows  through  a  narrow  pass, 
the  Fecho  dos  Morros,  between  two  rocky  hills.  The  hill  on  the 
eastern  side  is  connected  by  high  ground  with  the  Brazilian  table- 
land. That  on  the  western  side  appears  from  the  river  to  form  one 
of  a  number  of  isolated  hills  which  rise  from  the  Chaco  plain.  It 
may  be,  however,  that  there  is  rocky  ground  extending  westward  to 
the  Bolivian  table-land,  and  perhaps  connected  with  the  Corumba 
hills.  This  region,  however,  is  practically  unexplored,  and  nothing 
definite  can  be  said  about  it.  If  there  is  a  connection  with  the 
Bolivian  highland,  the  basin  of  the  upper  Paraguay  is  completely 
enclosed  like  a  lake,  with  only  the  narrow  outlet  at  the  Fecho  dos 
Morros.  If  the  hill  on  the  western  side  is  isolated,  it  is  probably 
one  of  a  chain  which  extends  inland  and  imperfectly  closes  the 
Paraguay  basin  on  this  side. 

"  Above  the  Fecho  dos  Morros  the  character  of  the  vegetation 
changes;  the  Caranda  palms  disappear;  there  is  left  only  open 
grassland,  with  lines  of  bushes  here  and  there  and  often   a  thin 
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fringe  of  forest  on  the  river  bank.  The  river  at  the  flood  season 
covers  these  lands  almost  entirely.  It  must  be  remembered  that  the 
upper  Paraguay  rises  about  thirty  feet  annually. 

"  All  the  flatlands  above  the  Fecho  dos  Morros  to  Villa  Maria — 
over  four  hundred  miles  in  a  direct  line — are  subject  to  river  floods, 
and  these  are  deepest  toward  the  north.  The  width  of  the  flood- 
plain  at  the  mouth  of  the  S^o  Lourengo  can  hardly  be  less  than  one 
hundred  and  fifty  miles  from  the  rocky  lands  on  the  east  to  the  base 
of  the  Serra  dos  Dourados.  The  whole  region  is  a  labyrinth  of 
lakes,  ponds,  swamps,  channels  and  islands  in  a  grassy  plain,  the 
only  forest  being  near  the  river.  I  had  a  fine  view  of  this  plain 
from  the  foothills  of  the  Dourados ;  even  the  flood-plains  of  the 
Amazon  cannot  compare  with  it  in  its  tangle  of  land,  water  and 
marshes.  Only  the  most  experienced  canoeman  can  thread  his  way 
through  it ;  generally  travelers  trust  to  the  Guat6  Indians,  who  are 
the  only  inhabitants  of  the  region  and  literally  live  in  canoes. 
Castelnau  was  lost  there  and  only  found  the  river  channel  with 
great  difl&culty.  We  were  lost  or  partly  lost  for  a  few  hours,  though 
we  had  three  experienced  hands. 

'*  This  is  the  region  called  Lake  Xara^s,  or  Chara^s,  by  the  old 
explorers  :  Brazilians  called  it  the  Pantanaes,  literally  The  Marshes. 
Even  at  low  water  at  least  one-fourth  of  it  is  flooded  :  when  the 
river  is  at  its  highest  the  whole  plain  is  a  vast  lake  covered  with 
floating  grass  and  weeds;  it  is  possible  to  pass  almost  straight 
across  it  in  a  canoe,  though  with  great  difficulty.  Only  a  few 
islands  remain  here  and  there;  jaguars,  deer  and  other  animals 
take  refuge  on  them,  and  they  are  favorite  hunting  grounds  of 
the  Guat6s. 

'*  The  rainy  season  is  from  October  to  April,  the  heaviest  rains 
being  toward  the  last;  the  small  rivers  from  the  highlands  are 
flooded  in  March  and  April,  and  pour  their  waters  over  the  flood- 
plain.  But  it  takes  a  long  time  for  these  waters  to  spread  over 
the  plain.  Consequently  the  highest  waters  on  the  plain  are 
in  July  and  August.  Then  they  gradually  drain  away  through* 
the  Fecho  dos  Morros,  and  the  lowest  waters  are  found  about 
February. 

"  The  eastern  and  northern  sides  of  the  flood-plains  are  bordered 
by  low  rocky  lands  which  extend  for  a  few  miles  inland :  then  they 
rise  precipitously  1500  or  1800  feet  to  the  Brazilian  plateau.     The 
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line  of  precipices  forming  the  plateau  may  be  traced  from  Villa 
Maria  to  near  Miranda. 

'*  On  the  Dourados  side  the  case  is  different.  Long  bays  of  the 
flood-plain  run  back  among  the  hills  and  often  contain  lakes  of 
considerable  size.  The  Dourados  chain  itself  is  narrow  and  on  the 
other  side  are  more  floodlands,  the  region  called  ^^Ceo  e  Terra  "  by 
the  Brazilians.  The  Brazilian-Bolivian  Boundary  Commission  tried 
to  pass  over  this  land  but  had  to  turn  back. 

**  The  Paraguayan  flood-plains  are  connected  with  the  Ceo  e  Terra 
region  by  several  strips  which  cut  the  Dourados  chain.  Hence  the 
Dourados  are  like  a  chain  of  islands. 

*'  A  narrow  neck  of  rocky  but  low  land  divides  the  Paraguayan 
flood- plain  from  similar  plains  in  the  Guapor^ ;  those  on  the 
Guapor^  are  continuous  to  the  junction  of  the  Madeira  where 
there  are  rapids ;  beyond  that  a  flood-plain  extends  to  the  Amazon, 
broadening  out.  The  Amazonian  plain  is  connected  in  much  the 
same  way  with  the  Orinoco.  The  Orinoco,  Amazon  and  Paraguay 
are  like  each  other  in  their  flood-plains,  which  broaden  out  as  we 
ascend  the  rivers. 

"  Except  for  a  single  break  at  the  Fecho  dos  Morros  (which  may 
not  be  a  continuous  wall)  a  great  plain  stretches  from  Villa  Maria 
to  Rosario  and  beyond.  The  Xara^s,  Chaco  and  Pampa  differ 
only  in  their  relations  to  the  river  floods.  The  pampas  are  above 
reach  of  the  floods ;  the  Chaco  plains  are  also  above  the  floods,  but 
so  low  that  the  water  drains  off"  slowly ;  the  Xara6s  are  covered  at 
high  water.  The  Paraguay  and  its  continuation,  the  Parand,  cut 
deeper  and  deeper  into  the  plains  as  they  flow  southward, 
hence  the  differences  in  physical  features,  which  are  more  apparent 
than  real.*' 

From  the  above  description  it  will  be  seen  that  the  flood-plain 
of  the  Paraguay  at  the  mouth  of  the  Sao  Lourengo  has  a  width  of 
one  hundred  and  fifty  miles  and  that  it  broadens  as  we  ascend  the 
river.  It  is  a  well-known  fact,  as  stated  by  Mr.  Smith,  that  the 
•flood-plains  of  the  upper  Paraguay,  Amazon  and  Orinoco  Rivers 
are  confluent,  and  that  a  vast  region  about  the  headwaters  of  those 
streams  possesses  physical  conditions  in  every  way  similar  to  those 
just  described  as  obtaining  over  the  flood-plains  of  the  upper 
Paraguay.  Here  it  appears  to  the  present  writer  we  have  a  region 
of  equal  or  greater  area  than  that  occupied  by  the  Oligocene  and 
Miocene  deposits  of  our  Western   plains,   with  all  the  physical 
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conditions  necessary  for  the  deposition  and  present  distribution  of 
the  sandstones,  clays  and  conglomerates,  together  with  the  preser- 
vation of  remains  of  the  faunas  characteristic  of  each. 

Many  have  noticed  and  Prof.  J.  E.  Todd  has  recorded  the 
presence  of  great  deposits  of  bones  at  various  localities  in  the 
White  River  beds.  He  describes  them  as  literally  covering  the 
ground  in  places  where  they  have  weathered  out  over  areas 
frequently  of  more  than  an  acre  in  extent.  It  is  not  only  difficult, 
But  I  think  impossible  to  account  for  these  accumulations  of  bones 
of  terrestrial  animals  at  the  bottom  and  in  the  very  middle  of  a 
great  lake.  Since  the  surrounding  clays  are  usually  almost  destitute 
of  bones,  it  is  difficult  to  understand  how  the  dead  carcasses  of  so 
many  animals  were  driven  or  drawn  as  by  a  magnet  to  so  limited  an 
area.  Accepting  the  other  theory,  however,  we  have  seen  how 
during  the  rainy  season  the  deer,  tapirs  and  other  animals  are 
driven  to  the  islands  over  the  flood-plains  of  the  great  South 
American  rivers.  Since  in  exceptionally  high  freshets  the  lower  of 
these  islands  become  submerged  it  is  not  difficult  to  understand  how 
great  numbers  of  these  animals  must  annually  perish,  and  indeed  it 
is  a  well-known  fact  that  frequently  great  numbers  of  them  are 
caught  on  low  islands  and,  driven  by  the  rising  waters  to  more 
limited  confines,  they  are  finally  all  drowned  when  the  island 
becomes  entirely  submerged.  To  such  or  similar  conditions  the 
great  deposits  of  bones  in  the  Oligocene  and  Miocene  deposits  of 
the  West  may  owe  their  origin.  I  have  frequently  observed  these 
deposits,  though  not  covering  so  great  an  area  as  that  recorded  by 
Todd,  and  I  have  always  without  exception  noted  that  in  the 
Oligocene  beds  they  occurred  in  the  very  fine  clays,  while  in  the 
upper  or  Miocene  deposits  they  occur  in  the  finer  sandstones. 
Although  bones  are  fairly  abundant  in  the  sandstones  of  all  these 
series  of  beds,  I  never  observed  these  extremely  rich  deposits  in  the 
coarse  sandstones  or  conglomerates. 

The  above  facts,  together  with  those  brought  forward  by  Dr. 
Matthew,  have  driven  me,  contrary  to  my  earlier  opinion,  to  reject 
the  theory  of  a  great  lake  and  accept  that  of  small  lakes,  flood- 
plains,  river  channels  and  higher  grass-covered  pampas  as  the 
conditions  prevailing  over  this  region  in  Oligocene  and  Miocene 
times. 

Carnegie  Museum,  March  j/,  iqoz. 
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ON  THE   MOLLUSCAN  FAUNA  OF  THE    PATAGONIAN 

TERTIARY. 

BY  H.  VON  IHERING. 

(Hate  XIX.) 

(Read  April  S,  1902.) 

During  the  last  ten  years  the  exploration  of  the  Patagonian  and 
Argentine  Tertiary  has  been  very  actively  prosecuted,  but  the 
results  of  the  new  studies  have  not  always  represented  genuine 
progress. 

This  refers  particularly  to  the  deposits  of  Entre  Rios,  which 
Alessandri  regarded  as  Eocene  from  his  studies  of  Selachian  teeth, 
while  A.  Smith  Woodward,  reexamining  the  same  material,  came 
to  the  conclusion  that  this  formation  is  Miocene  or  Pliocene.  The 
study  of  the  Mollusca  of  the  Entre  Rios  beds  led  me  to  the  opinion 
that  they  are  Miocene,  while  Borchert,  in  view  of  the  large  propor- 
tion of  recent  species  in  this  fauna,  refers  the  formation  to  the 
Pliocene. 

Having  at  my  disposal  one  of  the  best  collections  of  marine 
shells  from  the  Brazilian  and  Argentinian  coasts,  I  have  carefully 
examined  Borchert's  work.  This  author  has  had  access  to  a  much 
richer  collection  of  Entre  Rios  mollusks  than  I  myself,  in  which  are 
represented  well-preserved  examples  of  some  species — e.  ^.,  Cardium 
magnum  Born^-of  which  I  have  seen  only  casts.  This  circumstance 
does  not,  however,  entirely  explain  the  divergence  of  our  opinions, 
which  is  rather  due  to  a  number  of  incorrect  determinations  by 
Borchert.  The  small  shell  which  he  believes  to  be  Dione  purpurata 
Lam.  is  not  referable  to  that  species.  The  opinion  that  the  young 
shell  differs  in  outline  from  that  of  the  adult  is  refuted  by  the  large 
series  of  specimens  in  my  collection.  It  is  not  reasonable  to  attach 
much  importance  to  such  young  shells,  especially  if  represented 
only  by  a  single  specimen. 

"  Cryptogramma  brasiliana  Gm."  is  not  this  species  at  all,  but  a 
different  and  extinct  species,  characterized  by  its  numerous  coarse 
concentric  ribs,  as  also  by  numerous  radiating  striae.  Beside  these 
two  species,  the  following  are  certainly  erroneously  determined : 
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Lithodomus patagonicus  d'Orb.  Solecurtus platensis  d'Orb. 

Modiola  tulipa  Lam.  Marginella  prunum  Gm. 

Nucula  puelchana  d'Orb.  Columbella  acuta  Stearns. 
Tivela  argentina  Sowb. 

Of  the  nineteen  species  which  the  author  regards  as  still  existing 
at  least  nine  are  incorrectly  determined.  Admitting  that  the 
remaining  ten  species  are  accurately  determined,  the  proportion  of 
living  species  in  the  Parani  formation  is  as  lo  :  60,  or  17  per  cent. 

Borchert's  attempt  to  prove  that  the  Paran4  formation  is  Pliocene 
must  be  regarded  as  a  failure;  it  is  opposed  to  the  opinion  of 
d*Orbigny,  Philippi  and  von  Ihering,  all  of  whom  were  well 
acquainted  with  South  American  marine  MoUusca,  both  recent  and 
fossil.  We  must  continue  to  regard  the  Parand  formation  as 
Miocene,  whi/e  the  Pliocene  of  Argentina  is  represented  in  the  south 
by  the  Cape  Fairweather  beds^  and  in  the  north  by  the  Tehuelche 
formation.  Of  the  latter  the  new  collection  of  Carlos  Ameghino 
contains  an  instructive  representation,  with  many  new  species  of 
FectinidcB,  Carditidm  and  Venerida, 

From  the  marine  deposits  in  the  upper  part  of  the  Pampean 
formation  I  have  a  relatively  large  collection.  As  the  species 
are  all  still  living,  I  am  obliged  at  present  to  consider  the  '*  Pam- 
peano  superior"  of  Ameghino  as  Pleistocene.  It  is  interesting  to 
observe  that  in  this  formation  are  two  different  horizons,  the  older 
of  which  contains  Ostrea  arborea  Ch.,  Purpura  hamastoma  L., 
and  other  species  now  common  on  the  Brazilian  coast,  but  which 
are  wanting  in  the  later  horizon,  where  they  are  replaced  by  Ostrea 
puelchana  d*Orb.  and  other  Patagonian  species. 

With  regard  to  the  Patagonian  formation^  many  new  forms  are 
contained  in  a  large  collection  sent  to  me  this  year  by  Dr.  Floren- 
tino  Ameghino,  and  gathered  by  his  brother  Carlos  in  the  years 
1899  and  1900.  This  great  collection  contains  representatives  of 
three  different  faunas,  but  the  greater  part  of  it  comes  from  the 
Patagonian  formation.  As  I  have  studied  many  important  collec- 
tions from  this  formation,  and  as  my  friend  Dr.  A.  E.  Ortmann  has 
also  discovered  many  new  forms  in  the  collections  of  the  Princeton 
Expedition,  it  was  very  surprising  to  find  a  great  number  of  new 
and  interesting  forms  in  this  new  collection.  I  reserve  the  descrip- 
tion of  these  new  species  until  Dr  Ortmann's  report  has  been  pub- 
lished, and  describe  here  only  two  of  the  most  striking  new  species. 
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Nautilus  caroli-ameghinoi,  sp.  nov. 

(Plate  XIX,  Figs,  i,  2.) 

Nautilus  testa  suborbiculari,  imperforata,  laevi,  suturis  simplicibus, 
siphone  interno,  in  fundo  fossae  latae  situ. 

The  shell,  which  is  filled  with  matrix  and  not  very  well  preserved, 
is  of  suborbicular  shape,  subcompressed  and  much  enlarged  toward 
the  aperture.  The  outer  or  peripheral  part  of  the  shell  is  rounded, 
smooth  and  with  simple  sutures.  There  is  no  umbilicus,  but  a  pit 
at  the  central  point  of  origin  of  the  outer  lip  of  the  body-chamber. 
In  this  groove,  the  wall  of  which  covers  the  umbilicus,  there  is, 
opposite  to  the  origin  of  the  outer  lip,  a  crista,  the  prolongation  of 
which  passes  into  the  dorsal  wall  of  the  body-chamber.  The  siphon 
is  placed  at  the  bottom  of  a  large  and  deep  hollow,  which  has  an 
internal  situation — that  is  to  say,  nearer  to  the  dorsal  than  to  the 
ventral  or  external  margin  of  the  septum. 

Measurements, 

Major  diameter 74  mm. 

Minor      "  58    *• 

Body-chamber,  length 42    •« 

<«  ««  breadth,  central 34    «« 

"         ««  "       in  the  middle 29    " 

I  take  great  pleasure  in  dedicating  this  new  species,  which  is  the 
first  representative  of  the  class  Cephalopoda  from  the  Tertiary  of 
Patagonia,  to  Mr.  Carlos  Ameghino,  whose  excellent  work  in  the 
geological  exploration  of  Patagonia  I  appreciate  very  highly. 

Locality :  Golfo  de  San  Jorge,  Cabo  Tres  Puntas. 

Formation :  '*  Patagonico  medio." 

Neoinoceramus  ameghinoi,  gen.  et  sp.  nov. 

(Plate  XIX,  Figs.  3,  4.) 

Testa  solida,  compressa,  oblique-ovata,  antice  posticeque  paullulum 
hiante,  concentrice  laminato-costata,  laminis  altis  subreflexis 
distantibus,  interstitiis  laevibus;  auriculis  anticis  magnis, 
posticis  minoribus ;  area  ligamentale  lata  brevi. 

The  shell  is  large,  solid,  very  obliquely  ovate,  slightly  compressed 
and  gaping  on  both  sides.  The  anterior  lateral  margin  is  convex, 
passing  gradually  into  the  arched  ventral  margin;  the  posterior 
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margin  is  concave  below  the  posterior  auricle,  then  becoming 
convex,  passes  gradually  into  the  arched  ventral  margin ;  the 
ventral  extremity  is  obliquely  produced  and  convex.  The  outer 
surface  is  provided  with  numerous  concentric  ribs,  which  are  three 
to  four  millimetres  high  and  slightly  reflected  along  the  free 
margin ;  the  number  of  these  lamellae  amounts  to  eighteen  in  the 
ventral  half  of  the  shell ;  the  upper  or  dorsal  half  is  somewhat 
defective  in  the  central  part.  The  distance  between  the  ribs  is,  in 
general,  equal  to  their  height,  but  there  is  some  irregularity  in  their 
size  and  spacing.  Between  the  ribs  the  surface  of  the  shell  is 
smooth. 

The  ligamental  area,  which  is  thirty  millimetres  in  length,  is 
destroyed  in  the  central  part,  as  is  also  the  umbo,  the  situation  of 
which  must  have  been  nearly  central.  The  posterior  auricle  is 
small,  but  well  developed ;  the  anterior  is  broken  away,  but  must 
have  been  much  larger  than  the  posterior.  The  lateral  remnants  of 
the  ligamental  area  are  strong,  eight  millimetres  broad  and 
obliquely  striated  by  narrow  grooves,  separated  by  small  ribs,  which 
are  the  direct  continuation  of  the  ribs  of  the  outer  surface.  It  is  a 
remarkable  fact  that  the  concentric  ribs  of  the  outer  surface  do  not 
converge  toward  the  umbo,  but  toward  the  dorsal  margin  of  the 
ligamentous  area.  The  inside  of  the  shell  shows  the  simple  pallial 
line,  which  is  distant  seven  millimetres  from  the  anterior  lateral 
margin  and  twenty  millimetres  from  the  ventral  margin.  Behind 
the  posterior  auricle  the  shell  slopes  abruptly  toward  the  margin, 
while  at  the  anterior  margin  the  transition  is  gradual.  It  is  impos- 
sible to  recognize  the  muscular  impressions. 

Measurements, 

Length,    from     anterior    auricle     to     posterior    ventral 

extremity 95  mm. 

Breadih 60    •« 

Diameter  of  half-shell  22     " 

Another  specimen,  represented  only  by  the  ventral  extremity, 
must  have  had  a  length  of  at  least  150  millimetres. 

Locality :  Golfo  de  San  Jorge,  east  of  Punta  Nova. 

Formation :  Lower  part  of  the  Patagonian. 

It  is  not  easy  to  define  the  systematic  position  of  this  species, 
because  the  umbo  and  the  central  part  of  the  ligamentous  area  are 
wanting.     The  multivincular  ligament,  the  oblique-ovate  shape  and 
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the  concentric  ribs  indicate  a  relationship  to  the  genus  Inoceramus^ 
from  which  however  it  is  distinguished  by  the  short  and  broad  liga- 
mental  area  and  the  well-developed  auricles  of  the  dorsal  margin. 
I  regard  the  species  therefore  as  the  representative  of  a  new  genus, 
of  which  I  offer  the  following  diagnosis. 

Neoinoceramus,  gen.  nov. 

Genus  Aviculidarum   testa  aequivalvi,  oblique-ovata,  biauriculata, 
concentrice  costata,  cardine  recto,  crasso  brevi  oblique-sulcato. 

I  believe  this  genus  to  be  nearly  allied  to  Inoceramus^  the  species 
of  which  are  exclusively  Mesozoic.  Although,  because  of  the 
incomplete  preservation  of  the  specimen  described,  the  systematic 
position  of  the  genus  is  not  definitely  fixed,  there  can  be  no  doubt 
that  this  species  represents  one  of  the  most  remarkable  discoveries 
of  Mr.  Carlos  Ameghino's  later  expeditions. 

I  have  much  pleasure  in  dedicating  this  exceedingly  interesting 
species  to  my  friend  Dr.  Florentine  Ameghino,  not  only  in  appre- 
ciation of  his  excellent  palaeontological  work,  but  also  as  an 
acknowledgment  of  the  liberality  with  which  he  has  confided  to  me 
the  study  of  the  invertebrates  of  his  collection,  permitting  the  types 
to  remain  in  the  Museu  Paulista,  which  for  this  reason  possesses  the 
finest  existing  collection  of  Patagonian  invertebrates.  Of  these  two 
new  species,  one  is  the  first  representative  of  the  Cephalopoda  from 
the  Tertiary  of  Patagonia,  the  other  is  a  new  type  of  Pelecypoda, 
nearly  allied  to  the  Mesozoic  genus  Inoceramus,  The  collection  is 
also  rich  in  Corals  and  Echinoderms ;  among  the  latter,  the  study 
of  which  I  have  entrusted  to  Mr.  Loriol  le  Fort,  are  also  Crinoidea. 

With  reference  to  the  paper  of  Mr.  Hatcher,  I  have  examined 
the  question  of  the  significance  of  the  Patagonian  and  Suprapato- 
gonian  beds,  which  Mr.  Hatcher  regards  as  only  different  facies  of 
a  single  formation.  The  fact  that  some  species  are  common  to  both 
horizons  and  that  the  number  of  such  common  species  increases 
with  the  progress  of  investigation,  induced  me  for  a  time  to  agree 
with  Mr.  Hatcher's  opinion.  It  was  therefore  of  importance  for  me 
to  reexamine  the  question  with  reference  to  the  new  material, 
which  was  not  derived  from  Santa  Cruz,  but  from  northern  Pata- 
gonia. The  result  was  not  favorable  to  Mr.  Hatcher's  views.  This 
may  be  seen  from  my  paper  on  "  The  History  of  the  Argentine 
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Oysters/'  which  will  soon  be  published  in  the  Communicaciones  del 
Museo  Nacional  de  Buenos  Aires,  Like  the  species  of  Ostrea^ 
those  of  Struthiolaria  are  also  characteristic  fossils  of  the  Patagon- 
ian  and  Suprapatagonian  beds,  which  represent  two  different  sections 
in  one  great  formation. 

Of  great  interest  in  this  new  collection  are  the  fossils  from  the 
Pyrotherium  beds,  collected  on  the  Rio  Chico,  a  tributary  of  the 
Rio  Chubut,  and  the  Golfo  San  Jorge.  Among  the  mollusks  are 
characteristic  Gryphaa  concors  Ih.,  and  G,  pyrotheriorum  Ih.,  and 
Ostrea  ameghinoi.  Of  species  characteristic  of  the  Patagonian 
formation  only  two  occur:  Cardita  patagonica  Sow.  var.,  and 
Rhynchonella  plicigera  Ih.  Among  the  new  species  may  be  men- 
tioned Bouchardia  patagonica^  Turritella  maiaspina,  Struthiolaria 
striatissima  and  Rostellaria  cossmanni.  The  last-named  species  is 
a  representative  of  a  genus  which  does  not  occur  in  the  other 
Patagonian  Tertiary  formations.  In  this  collection  there  are 
neither  existing  nor  Mesozoic  species,  and  I  therefore  believe  the 
Pyrothenum  beds  to  be  Eocene,  while  Florentino  Araeghino  regards 
them  as  Cretaceous. 

The  general  results  given  in  my  paper  in  the  Revista  do  Museu 
Paulistay  Vol.  II  (abstract  in  English,  p.  372  if.),  have  not  been 
essentially  changed,  either  by  my  later  investigations  or  by  those  of 
Dr.  Ortmann.  It  is  therefore  singular  that  Mr.  Pfeffer  has,  in  the 
past  year,  repeated  his  erroneous  theory  as  to  the  existence  of  a  uni- 
form Eocene  marine  fauna.  Even  if  we  leave  out  of  account  the 
Eocene  formations  of  Patagonia,  Chile  and  New  Zealand,  we  must 
consider  such  elementary  faunistic  facts  as  the  distribution  of  the 
Nummulites,  which  in  the  northern  hemisphere  extend  from  North 
America  to  Europe  and  Asia  as  far  as  the  Sunda  Islands,  while  they 
are  wanting  in  the  southern  hemisphere.  These  facts  cannot  be 
explained  by  supposed  differences  of  temperature,  but  only  by 
geographical  modifications,  for  the  study  of  which  a  knowledge  of 
the  Tertiary  Mollusca  offers  one  of  the  most  important  means. 

Sao  Paulo,  Brazil,  October  28,  1901. 
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SPECTRA  OF  GASES  AT  HIGH  TEMPERATURES. 

BY  PROF.    JOHN   TROWBRIDGE,    OF   CAMBRIDGE,    MASS. 

{Read  April  4,  1902.) 

It  seems  to  me  highly  appropriate  that  I  should  speak  in  Phila- 
delphia, the  home  of  Benjamin  Franklin,  on  my  researches  in  elec- 
tricity, and  that  I  should  bring  to  the  attention  of  scientific  men 
here  for  the  first  time  some  remarkable  results  in  the  science  in 
which  Franklin  was  a  pioneer. 

In  the  Jefferson  Physical  Laboratory  of  Harvard  University 
there  is  a  Franklin  electrical  machine,  which  was  ordered  for  the 
College  by  Franklin  when  he  was  one  of  the  Commissioners  in 
Paris.  One  can  with  great  labor  produce  by  means  of  it  a  thin 
spark  perhaps  one  inch  in  length.  In  the  same  laboratory  I  have 
a  storage  battery  of  twenty  thousand  cells  which,  with  suitable 
transformers,  will  generate  a  spark  six  and  one-half  feet  in  length, 
at  a  voltage  of  over  six  million. 

In  this  practical  age,  especially  in  America,  one  is  immediately 
asked,  "  What  is  the  use  of  this  great  spark  ?  "  Probably  a  similar 
question  was  asked  Franklin  in  regard  to  his  smaller  manifestations 
of  electricity,  and  I  shall  ask  you  to  reflect  upon  the  developments 
of  electricity  since  his  time — the  telegraph,  the  telephone,  the 
lighting  of  cities,  the  trolley,  the  X-rays — and  answer  for  me.  You 
will  remember,  too,  that  Franklin,  fearing  ridicule,  which  we  can 
charitably  think  generally  arises  from  lack  of  imagination,  tried  his 
kite  experiment  in  secret.  I  have  not  hesitated  to  build  the  largest 
electrical  plant  at  present  in  existence  for  the  scientific  study  of 
electricity,  feeling  sure  that  I  could  reach  an  unexplored  field ;  and 
I  hope  that  some  of  my  results  which  I  shall  communicate  to  you 
will  be  considered  of  scientific  importance,  and  will  show  that  I 
have  reached  such  a  field.  In  the  first  place,  Franklin  would  see 
in  a  spark  six  feet  in  length  a  veritable  flash  of  lightning,  brought 
out  of  the  skies  into  a  laboratory  where  it  can  be  studied  at  all 
times  and  under  almost  any  imposed  conditions.  I  have  discovered 
that  these  long  sparks  do  not  encounter,  so  to  speak,  any  greater 
resistance  in  passing  through  the  air  than  sparks  one  inch  in  length. 
The  entire  current  used  in  propelling  the  electric  cars  in  this  city 
can  pass  along  the  path  opened  by  these  long  sparks  without  suffer- 
ing hardly  an  appreciable  diminution.     A  rarified  hole  seems  to  be 
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bored,  so  to  speak,  in  the  air,  through  which,  by  means  of  water 
vapor,  what  we  call  electricity  passes  with  a  loud  explosion.  I  wish 
to  emphasize  this  fact  in  speaking  of  the  scientific  results  which  I 
have  reached  with  this  large  electrical  plant.  I  believe  that  I  have 
proved  that  water  vapor  is  essential  for  the  passage  of  electricity 
through  the  air  or  gases.  Just  as  a  certain  degree  of  moisture  is 
necessary  for  chemical  reactions,  so  is  water  vapor  essential  for  the 
discharge  of  electricity  through  gases.  I  believe  that  we  have  never 
been  able  to  obtain  a  perfectly  dry  gas ;  and  if  we  should  succeed 
in  the  future,  such  a  gas  would  be  a  perfect  electrical  insulator. 

Since  the  time  of  Franklin,  the  subject  of  spectrum  analysis  has 
been  developed.  He  could  study  electricity  only  by  means  of  his 
eyes.  With  the  spectroscope,  however,  we  now  see  instead  of  a 
blinding  flash  of  white  light,  lights  of  many  colors — in  other 
words,  a  spectrum  extending  from  red  light  to  violet  light,  traversed 
by  many  bright  lines  which  are  due  to  the  vibrations  of  the  mole- 
cules of  the  components  of  the  air.  These  molecules  are  invisible  to 
us  until  revealed  by  electricity.  The  large  storage  battery  I  have 
had  constructed  enables  us  to  explore  a  new  field  in  electrochem- 
istry, revealed  by  the  motions  of  the  smallest  particles  of  matter  in 
the  world ;  particles  which  are  everywhere  about  us,  but  are  only 
evident  when  agitated  by  a  discharge  of  electricity.  I  can  surely 
claim  to  have  subjected  gases  to  the  highest  temperature  that  has 
been  hitherto  reached  with  this  interesting  result,  that  the  spectra 
of  oxygen,  hydrogen,  nitrogen,  the  main  components  of  the  air, 
contain  the  same  spectrum,  which  is  that  of  water  vapor.  By 
modification  of  the  strength  of  the  discharges,  one  can  pass  from 
the  blue  spectrum  of  argon  to  the  red  spectrum  of  this  gas,  which 
was  discovered  by  Lord  Rayleigh,  even  in  tubes  filled  with  hydro- 
gen. This  result  is  accomplished  by  a  powerful  dissociation  of 
the  small  amount  of  air  which  is  always  present  in  glass  tubes, 
even  when  great  care  is  taken  in  preparing  the  hydrogen.  I  have 
obtained  many  such  singular  dissociations  in  hydrogen  tubes  which 
have  been  unsuspected. 

Another  important  fact  has  been  revealed  by  the  passage  of  pow- 
erful discharges  through  glass  tubes  filled  with  rarified  gases.  I 
have  discovered  a  rate  of  molecular  vibration  to  which  the  photo- 
graphic plate  is  apparently  inactive.  All  gases  give  bright  lines  in 
their  spectra,  and  consequently  these  bright  lines  are  dark  lines  on 
the  photographic  negative.     I  have  discovered  dark  lines  in  the 
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spectra  of  gases  which  give,  therefore,  bright  lines  on  the  negative; 
that  is,  they  do  not  change  the  silver  salt.  This  discovery,  I  think, 
is  of  great  importance,  for  it  shows  that  there  are  rates  of  vibration 
to  which  the  photographic  plate  does  not  respond.  It  is  imperfect 
in  science  as  well  as  in  art,  and  does  not  give  a  complete  history  of 
the  stars,  the  temperatures  of  which  are  probably  much  higher  even 
than  those  which  I  have  reached.  These  dark  lines  are  not  due  to 
what  is  called  solarization  or  to  absorption.  The  solar  spectrum  is 
thus  probably  far  more  complex  even  than  we  have  supposed.  This 
new  field  of  what  may  be  called  destructive  dissociation  of  gases  in 
which  I  am  working,  promises  to  lead  to  many  important  results  in 
the  new  science  of  electrochemistry. 

[Prof.  Trowbridge  projected  some  lantern  slides  of  the  spectra 
of  gases  obtained  with  the  discharges  from  the  large  storage  battery, 
which  showed  the  universal  spectrum  of  water  vapor  and  the  re- 
markable dark  lines  of  which  he  had  spoken. — The  Sechetaries.] 


THE  INFLUENCE  OF  ALCOHOLIC  INTOXICATION  UPON 
CERTAIN  FACTORS  CONCERNED  IN  THE  PHENOM- 
ENA  OF  HAEMOLYSIS  AND  BACTERIOLYSIS. 

A  PRELIMINARY   NOTE, 

BY  A.    C.    ABBOTT  AND   D.    H.    BERGEY. 

(from  the  laboratory  of  HYGIENK,  UNIVERSFFY  of  PENNSYLVANIA.) 

{Read  April  5, 190i,) 

In  1896  one  of  us  (A.  C.  A.)  published  the  results  of  an  investi- 
gation upon  the  influence  of  alcoholic  intoxication  on  resistance  to 
infection.*  In  that  paper  attention  was  directed  to  the  fact  that 
the  susceptibility  of  rabbits  to  certain  types  of  infection  was 
markedly  increased  through  the  influence  of  prolonged  alcoholic 
intoxication.     These  results  have  been  fully  confirmed  by  others.' 

At  the  time  the  results  were  published  no  fully  satisfactory  expla- 
nation of  the  mechanism  of  this  phenomenon  was  available,  though 
several  suggestions  were  offered,  viz.,  the  reduced  resistance  may 
be  referable  to  the  local  action  of  the  alcohol  upon  the  gastric  mu- 

1  See  Journal  0/  Exp.  Med.,  1896,  Vol.  i. 

'  See  Laitinen,  Acta  Socie talis  Scientiarum  Fennietg^  Tom.  xxix,  No.  7* 
I900;  also  Zeit,/,  Hyg,  u.  Infektionskrankkeiten,  1900,  Band  34,  S.  ao6. 
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cous  membrane,  thereby  impairing  the  nutrition  of  the  animal  to 
such  an  extent  as  to  create  conditions  analogous  to  starvation,  a 
state  in  which  susceptibility  is  also  seen  to  be  increased ;  or,  to  a 
diminution  in  the  alkalinity  of  the  blood  through  the  acids  result- 
ing from  the  oxidation  of  the  alcohol — such  reduction  in  alkalinity, 
though  slight,  has  since  been  shown  by  Laitinen  to  occur;  or,  to 
the  remote  action  of  the  alcohol  on  the  nervous  system.  The  value 
of  neither  of  these  hypotheses  was,  however,  susceptible  of  ready 
determination,  so  that  the  matter  rested  there  for  a  time. 

During  the  past  three  or  four  years  a  series  of  brilliant  investiga- 
tions, especially  by  Bordet,  Buchner,  MetschnikofT,  Ehrlich  and 
Morgenroth  and  their  associates,  upon  certain  physiological  phe- 
nomena peculiar  to  the  blood  and  other  fluids  of  the  body,  have 
acquainted  us  with  many  hitherto  obscure  and  unknown  phases  of 
the  subject.  One  of  these  newly  discovered  blood  reactions  seemed 
especially  adapted  to  the  solution,  in  part  at  least,  of  our  problem. 

It  has  been  demonstrated  by  the  investigators  named  that  an 
animal  may  be  rendered  immune  from  the  intoxicating  effects  of 
the  blood  of  another  species ;  that  when  such  immunity  is  estab- 
lished the  blood  serum  of  the  immune  animal  rapidly  and  com- 
pletely dissolves  the  erythrocytes  of  the  alien  blood,  even  when 
mixed  with  them  in  a  test  tube  (haemolysis);  that  if  such  immune 
serum  be  heated  for  thirty  minutes  to  55°-56°  C.  it  loses  its  haemo- 
lytic  power ;  and  that  the  power  of  haemolysis  is  at  once  restored 
to  the  heated  serum  by  the  addition  of  a  few  drops  of  serum  from 
a  normal  mammal.  These  reactions  are  believed  to  occur  through 
the  agency  of  two  bodies  present  in  the  serum — the  one  a  body  re- 
sistant to  low  degrees  of  heat,  a  "receptor"  or  "intermediary" 
body ;  *  the  other  a  complementary  something,  perhaps  a  ferment, 
common  to  all  mammalian  serums,  that  is  destroyed  by  heat.  The 
"receptor**  or  "intermediary  body**  is  conceived  to  have  the 
property  of  fixing  the  invading  cells  (in  this  case  the  blood  cells  of 
another  species)  on  the  one  hand,  and  the  complementary,  ferment- 
like body  on  the  other,  bringing  and  holding  them  together  in  a 
way  most  favorable  to  the  destructive  action  of  the  ferment  upon 
the  invading  cell.  The  destruction  of  bacteria  by  the  fluids  of  the 
body  is  thought  to  take  place  in  an  analogous  manner,  it  being  as- 
sumed that  in  the  blood  are  "receptors**  having  the  property  of 

1  Synonyms— Anticdrps  h^moljtique,  Substance  pfeventiye,  Immune  Kdrper, 
Amboceptor,  Philocytase,  Desmon,  Copula,  Substance  sensibilisatrice,  Fixateur. 
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fixing,  on  the  one  hand,  bacteria,  and  on  the  other  a  **  comple- 
ment **  having  the  power  to  destroy  such  bacteria,  the  relation  of 
receptor  to  bacteria  and  to  complement  being  in  both  cases  specific. 

The  question  under  consideration  by  us  was : 

**  Will  the  sera  of  animals  under  the  influence  of  alcohol  for 
varying  lengths  of  time,  but  otherwise  normal,  restore  to  a  heated 
immune  serum  its  haemolytic  activity  in  the  same  way  as  is  done  by 
the  normal  sera  of  non-alcoholized  animals?  " 

If  it  will,  then  the  action  of  alcohol  upon  the  animal  organism 
is  plainly  not  evidenced  through  a  reduction  in  the  amount  of  the 
complementary  substance  so  necessary  to  normal  resistance  and  to 
immunity.     If  it  will  not,  then  the  reverse  must  be  the  case. 

Should  the  serum  of  animals  under  the  influence  of  alcohol  prove 
to  be  poorer  in  haemolytic  "  complement  **  than  that  of  animals  not 
so  treated,  then  there  is  some  justification  for  the  belief  that  the  re- 
duction of  resistance  to  bacterial  infections,  noted  in  our  work  of 
1896,  may  be  due  to  the  suppression  (in  part  or  in  whole)  of  a  *'  com- 
plementary** ** proteolytic  ferment"  (?)  that  constitutes  one  of 
the  natural  defenses  of  the  body  against  the  invasion  of  infective 
bacteria.  Without  discussing  our  results  in  detail,  it  suffices  to  say 
that  we  found  in  a  number  of  animals  daily  intoxicated  for  a  period 
of  about  three  weeks,  the  amount  of  "  complement  **  in  their  sera 
to  be  from  fifteen  to  twenty-five  per  cent,  less  than  that  of  normal 
sera,  as  determined  by  the  power  to  "  reactivate  "  a  heated  immune 
serum — /.  ^.,  to  restore  to  it  its  haemolytic  properties,  a  result  that 
we  regard  as  of  fundamental  importance  in  explaining  (in  part  at 
least)  the  results  of  investigations  made  in  1896. 

In  the  course  of  this  work  a  number  of  important  collateral 
questions  arose,  the  most  significant  of  which  being  as  to  whether 
the  eff"ect  noted  by  us  could  be  interpreted  as  a  general  reduction 
of  all  complementary  substances  *  in  the  blood,  or  as  only  a  reduc- 
tion of  a  single  complement  specifically  concerned  in  the  phenom- 
enon of  haemolysis ;  but  as  their  solution  is  as  yet  only  in  the  initial 
stages,  it  is  scarcely  necessary  to  introduce  them  at  this  time. 

^  It  is  believed  by  Erhlich  and  Morgenroth  and  their  associates  that  the  blood 
contains  a  multiplicity  of  complementary  elements,  each  one  of  which  is  specifi- 
cally related  to  particular  receptors  and  to  particular  irritants  and  intoxicants ; 
while  Buchner,  Bordet,  Metschnikoff  and  their  adherents  contend  that  the  com- 
plement, designated  by  Buchner  and  Bordet  as  <«  alexine  "  and  by  Metschnikoff 
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A  BRIEF  ACCOUNT  OF  THE  DISEASE  KNOWN  AS 
OSTEITIS  DEFORMANS. 

BY  PROF.   J.    C.    WILSON,    M.D. 
{Read  April  5,  190S.) 

It  will,  I  trust,  be  acceptable  to  the  Society  if  I  communicate 
some  facts  in  regard  to  a  rare  disease  of  the  bones. 

This  affection  was  first  described  by  Sir  James  Paget,  in  the 
Transactions  of  the  Royal  Medical  and  Chirurgical  Society  of  Lon- 
don,  in  1877,  under  the  title  *'  A  Form  of  Chronic  Inflammation  of 
Bones — Osteitis  Deformans."  To  the  five  cases  which  formed  the 
basis  of  that  communication,  Paget  was  able  to  add  in  1890 
eighteen  further  instances  of  the  disease  which  he  had  studied. 
Other  cases  have  been  observed  in  Great  Britain ;  in  America  up  to 
the  present  time  eleven  cases  have  been  reported ;  a  number  in 
France,  and  a  few  elsewhere  on  the  Continent  of  Europe. 

It  is,  however,  probable  that  osteitis  deformans  is  much  more 
common  than  the  number  of  the  published  cases  would  indicate. 
In  the  preliminary  program  of  the  Association  of  American  Physi- 
cians just  issued  two  new  cases  are  announced.  The  fact  that  the 
disease  remained  long  undescribed  and  is  now  so  seldom  recognized, 
is  due  not  so  much  to  the  infrequency  of  its  occurrence  as  to  the 
trifling  subjective  symptoms  which  attend  it  or  their  complete 
absence,  its  insidious  development  and  slow  progress,  and  the  im- 
munity of  the  bones  of  the  hands  and  feet.  The  sufferer  from 
osteitis  deformans  may  develop  advanced  changes  in  the  skeleton 
before  the  deformities  attract  his  attention  or  that  of  his  friends. 

The  deformities  in  some  instances  affect  only  a  limited  number 
of  the  bones,  more  commonly  most  of  them.  In  the  fully  developed 
disease  they  are  usually  symmetrical  to  a  remarkable  degree. 

They  consist  in  the  following  changes  in  the  skeleton: 

Thickening  of  the  bones  of  the  skull  and  an  alteration  in  its 
shape.  The  calvarium  becomes  flattened,  the  brow  broad,  the 
parietal  regions  prominent.  The  general  circumference  is  increased 
so  that  the  patient  has  to  wear  a  larger  cap  than  formerly.  The 
bones  of  the  face  remain  unchanged,  so  that  the  facies  assume  a 
triangular  outline,  the  base  being  at  the  brow,  the  apex  at  the  chin. 

The  spine  becomes  stiffened  and  curved.  There  is  marked 
cervico- dorsal   kyphosis,  with  compensating  lordosis  of  the  lower 
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dorsal  and  lumbar  spine.  In  consequence  of  this  change  in  the 
spinal  column  the  head  is  carried  forward  and  lower  than  normal, 
and  the  height  of  the  patient  is  reduced — a  reduction  much  in- 
creased by  the  curvature  of  the  bones  of  the  lower  extremities  and 
amounting  in  some  of  the  cases  to  six  or  seven  inches. 

The  clavicles  are  prominent  and  thickened,  the  chest  short  and 
narrow,  the  abdomen  short  and  broad  and  the  pelvis  wide  and  low. 

Associated  with  these  changes  are  marked  deformities  of  the  long 
bones  of  the  extremities.  The  humerus  is  thickened  and  enlarged ; 
its  surface  is  irregular,  and  the  shaft  is  markedly  curved,  the  con- 
cavity presenting  toward  the  flexor  surface.  The  ulna  and  radius 
show  similar  deformities  and  are  strongly  bent  and  twisted.  The 
bones  of  the  lower  extremities  are  deformed  and  bent  in  a  like 
manner.     The  femur,  tibia  and  fibula  are  bent  outward  and  forward. 

In  fully  developed  cases  the  patients  bear  a  curious  resemblance 
to  each  other.  The  diminution  in  stature  causes  the  arms  to  appear 
disproportionately  long — like  those  of  the  anthropoid  apes. 

The  disease  usually  makes  its  appearance  in  middle  life  and  is 
mostly  unattended  by  subjective  symptoms,  although  in  some  cases 
rheumatoid  pains  have  been  present  at  the  outset.  It  has  no  con- 
stant relation  to  any  particular  visceral  or  nervous  pathological 
process,  nor  to  malignant  disease  as  was  at  one  time  thought.  I 
have  called  attention  to  the  high  grade  of  muscular  atrophy  present 
in  well  developed  cases. 

Paget,  whose  name  has  been  given  to  the  disease  and  whose 
original  description  remains  the  best  that  has  thus  far  appeared, 
regarded  the  changes  in  the  bones  as  inflammatory,  and  Butlin's 
account  of  the  histological  changes  lends  support  to  this  opinion. 

The  process  consists  of  a  progressive  absorption  of  bone  tissue 
which  becomes  porous  and  rarified ;  the  coincident  formation  of 
new  bone,  which  remains  for  a  time  uncalcified  so  that  abnormal 
curvatures  develop,  and  finally  dense  calcification  of  the  subperiosteal 
layers  of  the  overgrown  and  deformed  bones.  The  marrow  under- 
goes fibrous  changes.  The  pathological  changes  have  been  espe- 
cially studied  by  Butlin,  von  Recklinghausen,  Stilling  and  Packard 
Steele  and  Kirkbride. 

The  etiology  of  the  disease  is  involved  in  complete  obscurity. 
To  state  that  it  is  due  to  trophic  derangements  is  a  mere  general 
restatement  of  the  facts. 

The  hypertrophic  changes  in  the  bones  of  an  extremity,  which 
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have  been  shown  by  Schiff,  Vulpian  and  Philipeaux  to  follow  the 
section  of  the  nerve  supply,  cannot  be  regarded  as  an  analogous 
process  and  are  not  invariable. 

Two  views  suggest  themselves :  Osteitis  deformans  may  be  due  to 

1.  Infection  by  some  organism,  to  the  action  of  which  bone 
tissue  is  especially  liable ;  or, 

2.  To  the  default  of  some  physiological  principle  which  nor- 
mally regulates  and  limits  the  growth  of  bone. 

Either  of  these  views  may  serve  as  a  working  hypothesis  for 
investigations  into  the  cause  of  the  disease. 

This  affection  has  points  of  similarity  with  osteomalacia,  leonti- 
asis  ossea,  acromegaly,  gigantism,  arthritis  deformans  and  rickets, 
but  differs  from  them  all  in  essential  particulars. 

No  treatment  has  been  of  any  service  in  arresting  the  progress  of 
the  disease. 


IS  SCIENTIFIC  NATURALISM  FATALISM? 

A   ONE-MINUTE    PAPER. 

BY   WILLIAM    KEITH    BROOKS. 

{Keaii  April  4, 1902,) 

Berkeley  pointed  out  long  ago  that  all  the  phenomena  in  nature 
may  be  expressed  in  terms  of  motion.  The  progress  of  science  is 
teaching  us  this  truth,  and  is  thus  bringing  us  to  a  point  of  view 
which  Hume  has  indicated  in  these  words :  "  The  necessity  of  any 
action,  either  of  body  or  of  mind,  is  not  in  the  object  which  ex- 
hibits the  action,  but  in  the  spectator." 

Scientific  predictions  are  based  upon  our  well-founded  confidence 
that  the  order  which  we  have  discovered  in  nature  in  the  past  will 
continue  in  the  future ;  but  physical  analysis  neither  answers  nor 
asks  why  nature  should  be  orderly,  or  what  has  made  it  so.  For  its 
purposes,  the  notions  of  agency  and  efficiency  and  causation  are 
irrelevant  and  useless,  because  the  notion  of  necessity  is  something 
that  we  ourselves  project  into  nature  and  not  anything  that  we  find 
in  nature. 

If  we  agree  with  Hume,  as  I  think  we  must,  does  not  his  state- 
ment carry  with  it,  as  its  complement  and  counterpart,  a  declara- 
tion to  this  effect :  Freedom  in  willing  and  doing,  if  there  be  such 
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freedom,  is  not  in  the  spectator  who  considers  the  action,  but  in 
the  agent? 

Is  our  failure  to  find  proof  of  freedom  in  our  bodily  machinery 
and  its  activity  anything  more  than  we  should  look  for  if  freedom 
is  not  in  the  spectator,  so  far  forth  as  he  is  merely  a  spectator  and 
not  a  participant  ? 

If  the  certainty  of  scientific  predictions  does  not  imply  necessity, 
and  if  freedom  in  willing  and  doing  is  not  in  the  spectator,  are  we 
not  led  to  agree  with  Berkeley,  that  "  certain  and  necessary  are 
very  different,  there  being  nothing  in  the  former  notion  which  im- 
plies constraint,  and  which  may  not  consist  with  a  man's  being 
accountable  for  his  actions"  ? 

If  physical  necessity  is  not  in  nature,  but  in  the  spectator ;  if 
freedom  is  not  in  the  spectator,  but  in  the  agent ;  if  the  certainty 
of  scientific  predictions  does  not  imply  constraint ; — does  not  the 
controversy  about  necessity  and  freedom  come  to  an  end  for  the 
man  of  science  ?     Does  science  afford  any  ground  for  controversy  ? 


A  CLASSIFICATION  OF  ECONOMIES. 

BY   PROF.    LINDLEY  M.    KEASBEY. 
{Read  April  5,  IQ02,) 

Economics  has  to  do  with  the  weal  relation  between  life  and  the 
environment.  From  life,  on  the  one  hand,  emanates  demand  for 
well-being;  from  the  environment,  on  the  other  hand,  is  derived 
the  supply  of  useful  things  or  goods  that  minister  to  well-being. 
In  the  last  instance,  therefore,  the  weal  relation  between  life  and 
the  environment  is  a  relation  between  demand  and  supply.  Now, 
demand  and  supply  are  connected — made  to  meet,  as  economists 
say — by  the  utilization  of  natural  resources.  The  object  of  this 
process  is  to  derive  from  the  outer  world  the  qualities  requisite  to 
fulfill  the  demands  of  well-being,  or,  more  precisely,  to  convert  the 
potential  utilities  inherent  in  the  environment  into  actual  utilities. 
Thus,  in  its  simplest  sense,  an  economy  may  be  defined  as  a  system  of 
activities  whereby  the  potential  utilities  inherent  in  the  environment 
are  through  utilization  converted  into  actual  utilities. 

The  very  existence  of  life  implies  some  such  system  of  activities ; 
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wherever  the  essential  weal  relation  is  established  between  life  and 
the  environment,  there  the  process  of  utilization  is  operative.  In 
its  widest  extension,  therefore,  the  terra  economy  can  be  applied 
over  the  whole  range  of  evolution,  from  the  lowest  to  the  highest 
orders  of  animate  existence.  Furthermore,  cursory  comparison 
shows  that  with  the  development  of  life  the  process  of  utilization 
becomes  more  and  more  complicated.  Thus,  regarded  from  the 
utilitarian  point  of  view,  evolution  exhibits  a  succession  of  econo- 
mies increasing  in  complexity. 

It  is  out  of  the  question,  of  course,  to  elaborate  this  long  series 
in  detail.  As  a  matter  of  fact,  no  hard  and  fast  distinctions  can  be 
established  between  the  several  orders  of  economies,  since  in  each 
instance  the  more  complex  proceed,  as  it  were,  by  insensible  steps 
out  of  the  simpler,  leaving  no  appreciable  spaces  between  through 
which  lines  of  demarcation  may  be  drawn.  Nevertheless,  if  we 
confine  ourselves  to  generalities  and  content  ourselves  with  obvious 
distinctions,  it  is  possible  to  establish  the  general  order  of  economic 
development  and  characterize  the  several  types  of  economies. 

For  convenience*  sake  biologists  still  distinguish  between  plant 
life,  animal  life  and  human  life,  what  though  they  are  well  aware 
that  the  laws  of  organic  evolution  to  which  the  three  orders  of  life 
are  subjected  are  essentially  the  same.  It  is  possible  to  establish 
a  corresponding  series  in  the  order  of  economic  development,  but 
we  must  not  lose  sight  of  the  fact  that  the  differences  to  be  noted 
are  merely  differences  of  degree  and  in  no  sense  distinctions  in 
kind.  This,  then,  is  the  primary  purpose  of  the  present  paper :  to 
indicate  the  types  of  economies  characteristic  of  plant  life,  animal 
life  and  human  life  respectively.  It  will  be  seen,  when  this  series  is 
established,  that  the  human  economy  differs  far  more  from  the 
economies  of  the  lower  orders  of  life,  than  the  economies  of  plant 
and  animal  life  differ  from  each  other.  Though  evidently  an  elabo- 
ration of  the  preceding  types,  the  human  economy  is  in  certain 
respects  so  different  as  practically  to  constitute  a  separate  system. 
Having  shown  this  to  be  the  case,  I  shall  devote  the  remaining  por- 
tion of  my  paper  to  establishing  the  human  economy  upon  its 
higher  plane. 

In  the  first  place,  in  order  to  establish  the  required  series  of 
economies,  it  is  necessary  to  adopt  a  canon  of  distinction.  To  this 
end  I  would  suggest  that  characteristic  types  of  economies  can  be 
distinguished  from  each  other  in  two  ways :  subjectively,  according 
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to  the  incentive  leading  to  utilization  ;  and,  objectively,  according 
to  the  means  employed  in  the  process. 

Applying  this  canon  of  distinction  in  the  first  place  to  the  sim- 
pler systems  of  activities,  it  is  possible  to  establish  two  types  of 
economies — the  automatic  and  the  instinctive — characteristic 
respectively  of  the  plant  and  animal  worlds. 

Under  the  automatic  system  the  stimulus  inciting  utilization  is  in- 
voluntary, and  as  this  is  the  case,  the  means  employed  in  the  pro- 
cess are  necessarily  natural  organs  that  act  without  the  intervention 
of  the  will.  Thus  plants,  for  example,  as  well  as  some  of  the  lower 
orders  of  animals,  assimilate  the  life-sustaining  elements  inherent  in 
their  immediate  environment  by  simple  reflex  action,  involving  no 
conscious  efTort  on  their  part. 

Under  the  instinctive  system,  on  the  other  hand,  the  impulse 
leading  to  utilization  is  voluntary,  and  as  this  is  the  case,  the  means 
employed  in  the  process  consist  for  the  most  part  of  natural  organs 
that  act  in  obedience  to  the  will.  Thus,  as  opposed  to  plants,  ani- 
mals may  be  said  to  be  urged  by  their  appetites  to  utilize  natural 
resources.  It  is  instinct  in  their  case  that  induces  economic  activity. 
That  is  to  say,  the  higher  animals  as  a  rule  are  impelled  by  their 
natural  desires  of  self  and  kind  preservation  to  acquire  such  pro- 
ducts of  their  local  environment  as  go  to  gratify  their  own  appetites 
and  provide  for  the  preservation  of  their  progeny.  And  as  nature 
has  provided  them  for  the  most  part  with  the  natural  organs  neces- 
sary to  gratify  their  desires,  little  or  no  ingenuity  is  necessary  to 
this  end. 

The  most  complicated  economy  is  that  characteristic  of  human 
life.  In  contradistinction  to  the  foregoing,  this  highly  complex 
system  may  be  designated  as  the  rational  economy.  Right  early 
in  the  course  of  their  development,  human  beings  appear  to  have 
become  imbued  with  an  intelligent  purpose  to  meliorate  their  mate- 
rial condition  and  so  raise  the  standard  of  life  of  themselves  and 
their  associates.  And  not  being  physically  equipped  by  nature  to 
realize  their  economic  ideals,  far  back  in  the  course  of  their  career 
they  began  to  exercise  ingenuity  in  the  manufacture  of  artificial 
instruments  of  utilization.  Thus,  to  distinguish  the  human  economy 
from  that  characteristic  of  the  animal  orders,  it  may  be  said:  under 
the  rational  system  the  motive  making  for  utilization  is  purposive, 
and  the  means  employed  in  the  process  consist  for  the  most  part  of 
artificial  implements  manufactured  for  the  purpose. 
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Having  applied  our  canDn  of  distinction  over  the  whole  range  of 
economic  development,  there  appear  to  be  three  fundamental  types 
of  economies,  the  automatic,  the  instinctive  and  the  rational,  char- 
acteristic respectively  of  plant,  animal  and  human  life.  In  the 
automatic  economy  the  stimulus  exciting  utilization  is  spontaneous, 
and  the  means  employed  in  the  process  consist  of  natural  organs 
that  act  without  the  intervention  of  the  will.  In  the  instinctive 
economy  the  impulse  leading  to  utilization  is  voluntary,  and  the 
means  employed  in  the  process  consist  for  the  most  part  of  natural 
organs  that  act  in  obedience  to  the  will.  In  the  rational  economy 
the  motive  making  for  utilization  is  purposive,  and  the  means  em- 
ployed in  the  process  consist  for  the  most  part  of  artificial  imple- 
ments manufactured  for  the  purpose. 

The  foregoing  classification  gives  a  general  idea  of  the  order  of 
economic  development,  and  enables  us  to  distinguish  superficially 
between  the  three  fundamental  types  of  economies.  The  distinc- 
tion between  the  automatic  and  the  instinctive  systems,  it  will  be 
noticed,  is  not  nearly  so  marked  as  that  between  these  simpler  sys- 
tems, on  the  one  hand,  and  the  highly  complex  human  economy  on 
the  other.  Indeed,  if  Professor  Loeb  is  right  in  regarding  instinc- 
tive action  as  essentially  the  same  as  reflex  action,  the  separation  of 
the  instinctive  economy  from  the  automatic  economy  must  be  taken 
to  express  simply  a  superficial  distinction,  or  at  most  to  mark  a 
minor  difference  of  degree.  Rational  activities  are,  however,  radi- 
cally different  from  instinctive  acts,  though  here  too,  no  doubt,  the 
difference  is  ultimately  one  of  degree.  Wherein  these  latter  differ- 
ences consist  is  the  task  of  the  psychologist  to  show.  It  is  enough 
for  the  economist  to  take  cognizance  of  the  facts  and  establish  liis  dis- 
tinctions accordingly.  On  the  face  of  it,  the  fact  that  the  human  econ- 
omy constitutes  a  rjitional  system  evidently  places  it  upon  a  higher 
plane  than  the  economies  characteristic  of  the  lower  orders  of  life. 
Then,  again,  regarded  from  the  point  of  view  of  economic  develop- 
ment, a  further  distinction  is  discernible  in  the  process  of  utilization 
characteristic  of  the  rational  system.  In  the  rational  economy  utiliza- 
tion appears  to  make  for  progress ;  whereas  under  the  automatic 
and  instinctive  systems  utilization  seems  to  be  simply  conservative. 

It  is  evident  enough,  as  has  already  been  indicated,  that  with  the 
development  of  plant  and  animal  life  the  process  of  utilization 
becomes  more  and  more  complicated,  but  in  all  these  cases  increased 
complexity  appears  to  be  rather  the  effect  of  variation  and  selection 


150  KEASBEY — A  CLASSIFICATION  OF   ECONOMIES.        [Aprils. 

than  the  outcome  of  economic  initiative.  Thus  the  instinctive 
system,  characteristic  of  the  animal  world,  becomes  more  and  more 
complicated  as  we  advance  from  the  lower  to  the  higher  orders  of 
animal  life ;  but  there  is  nothing  to  indicate  that  this  increase  of 
complexity  is  due  to  conscious  effort  on  the  animal's  part.  Lamarck, 
it  is  true,  attributed  appetency  to  animals  and  endeavored  to  prove 
that  evolution  is  to  a  large  extent  the  result  of  active  initiative ; 
but  modern  opinion  still  inclines  to  the  belief  expressed  by  Darwin 
that  the  process  is  effected  unconsciously,  through  natural  selection. 
But  it  is  not  necessary  at  this  juncture  to  go  into  this  abstruse  ques- 
tion of  the  relative  importance  of  appetency  and  variability  in  the 
evolutional  process.  We  are  dealing,  it  will  be  remembered,  merely 
with  differences  of  degree,  and  may  accordingly  content  ourselves 
with  establishing  obvious  distinctions.  This  much  at  least  is  evi- 
dent from  casual  observation :  if  we  exclude  the  development  of 
the  human  species  from  our  survey,  progress  in  the  economic  sense 
is  not  a  notion  that  can  properly  be  applied  to  the  evolution  of 
animal  life,  and  of  course  much  less  to  plants.  Even  the  highest 
animals,  when  once  adapted  to  their  environment,  show  no  disposi- 
tion in  their  natural  state  to  improve  their  material  condition  or 
meliorate  the  lot  of  their  progeny.  On  the  contrary,  to  the  extent 
that  they  remain  uninfluenced  by  selection,  animals  and  their  off- 
spring appear  to  be  urged  by  the  same  appetites,  to  utilize  the  same 
resources  in  the  same  way  from  generation  to  generation.  The  im- 
pulse leading  to  utilization  is  in  their  case  instinctive,  and  therefore 
more  or  less  rigidly  determined  along  certain  definite  lines.  And 
inasmuch  as  nature  has  provided  them  with  the  means  of  utilization, 
it  is  not  necessary  for  them  to  exercise  ingenuity  in  the  invention 
of  artificial  instruments.  Some  animals  do,  to  be  sure,  manufacture 
artificial  implements  of  production — witness,  for  example,  beavers 
that  build  dams,  or  certain  ants  that  actually  cultivate  their  fields. 
Still  even  in  such  cases  nature  supplies  the  necessary  tools,  and  it 
would  be  difficult  to  find  instances  in  which  animals  were  led  to 
improve  their  productive  processes  with  a  view  to  meliorating  their 
material  condition.  Thus,  from  the  fact  that  the  impulse  leading 
to  utilization  is  in  their  case  instinctive,  and  from  the  further  fact 
that  the  means  employed  in  the  process  are  for  the  most  part  natu- 
ral organs  that  act  without  the  intervention  of  intelligent  foresight 
on  their  part,  animals  may  be  said  to  subsist  in  a  circle.  Appetite 
impels  them   in   first   instance  upon   their  food  quest,   and   the 
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nutriment  when  acquired  is  assimilated.  During  the  process  of 
digestion  a  period  of  rest  or  play  ensues  until  the  original  appetites 
are  re-aroused,  when  hunger  again  sets  them  in  search  of  subsist- 
ence with  the  same  result.  The  life  of  the  anaconda  is  the  most 
striking  example  of  this  circular  sort  of  existence,  though  the 
description  applies  in  a  less  degree  to  all  orders  of  animals,  whose 
existence  for  the  most  part  amounts  to  a  monotonous  round  of 
acquisition  and  assimilation  as  long  as  life  lasts,  and  is  afterwards 
carried  on  in  much  the  same  way  by  their  offspring.  Obviously 
there  is  nothing  in  such  a  system  to  stimulate  progress,  for  the 
economic  sequence  once  established  is  recurrent:  demand  tends 
toward  utility,  utility  leads  to  utilization,  and  utilization  results  in 
supply,  over  and  over  again. 

Turning  from  the  instinctive  to  the  rational  economy,  the  phe- 
nomenon of  progress  becomes  immediately  apparent.  If  we 
extend  our  survey  to  include  the  activities  of  mankind,  it  is  evident 
enough  that  utilization  is  a  potent  factor  of  development.  Not 
that  the  human  species  is  not  subject,  like  all  other  animals,  to  the 
process  of  selection ;  by  no  means — indeed,  as  ethnology  shows, 
the  human  species  has  in  the  course  of  time,  through  the  interaction 
of  variability  and  environment  and  by  dint  of  selection,  become 
differentiated  into  a  number  of  ethnic  stocks.  Only  the  process  of 
human  development  does  not  appear  to  stop  there.  In  man's  case — 
and,  as  far  as  I  can  see,  in  man's  case  alone — utilization  has  made 
for  further  progress  along  economic  lines.  That  is  to  say :  men  of 
the  same  descent,  who  do  not  differ  from  each  other  ethnically  to 
any  appreciable  extent,  who  are  to  all  intents  and  purpose  alike  as  far 
as  structure  and  function  are  concerned,  still  exhibit  striking  differ- 
ences in  their  manner  of  life.  Thus  the  Frenchman  of  the  prov- 
inces and  the  Frenchman  of  Paris  are  ethnically  alike,  but  differ 
enormously  in  their  economic  activities.  And  offspring  that  vary 
ever  so  slightly  from  their  parents  in  the  organic  sense  very  often  show 
decided  increase  of  economic  capacity.  For  example,  the  English- 
men of  to-day  are  very  much  like  the  Englishmen  of  three  hundred 
years  ago,  but  in  their  manner  of  life  they  differ  widely  from  their 
ancestors.  On  the  other  hand,  people  of  diverse  ethnic  stocks,  if 
placed  under  the  same  economic  conditions,  soon  conform  to  an 
established  standard  of  life  and  adopt  similar  ways  of  living.  Our 
own  country  furnishes  a  striking  instance  of  this.  The  population  of 
the  United  States  is  recruited  from  all  countries  of  the  world,  but 
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despite  this  ethnic  divergence  a  distinctly  American  standard  of 
life  has  been  established  to  which  all  citizens,  foreigners  and  natives 
alike,  endeavor  to  conform.  Since  such  are  the  facts  it  is  evidently 
necessary  in  man's  case  to  draw  a  sharp  distinction  between  prog- 
ress through  selection  and  progress  by  utilization — ^between  what 
may  be  called  ethnic  variations  and  economic  distinctions. 

Let  us  examine  the  situation  a  little  more  closely.  Looking  first 
to  the  subjective  side,  human  beings  do  not  seem  to  be  content,  as 
most  animals  are,  to  consume  the  same  goods  day  after  day,  year 
after  year,  and  from  generation  to  generation.  On  the  contrary, 
man  appears  to  be  bent  on  obtaining  variety.  The  gratification  of 
one  set  of  desires  seems  to  cause  a  new  series  to  emerge  in  the 
mind.  We  imagine  we  shall  be  satisfied  with  what  we  want,  but 
acquisition  soon  convinces  us  to  the  contrary — like  the  boy  who 
found  a  watchkey,  and  on  the  basis  of  this  possession  asked  his 
father  for  a  watch.  In  short,  the  mere  fact  of  acquisition  extends 
the  horizon  of  our  wants  and  arouses  a  desire  for  further  acquisi- 
tion ;  or,  to  put  it  in  economic  terminology,  the  possession  of  cer- 
tain essential  goods  stimulates  a  demand  for  complementary  goods. 
Without  dwelling  on  this  pyschic  phenomenon,  so  familiar  to  us 
all,  it  may  be  stated  as  a  general  proposition  :  human  beings 
naturally  seek  variety  and  strive  to  extend  the  scope  of  their 
consumption. 

The  emergence  of  new  wants  in  men's  minds  naturally  suggests 
a  corresponding  series  of  satisfactions ;  demand  is  necessarily  cor- 
related with  supply.  Suppose  we  turn,  then,  to  the  objective  side 
and  take  the  extrinsic  factors  into  account.  The  moment  the  con- 
ditions of  supply  are  considered,  it  becomes  apparent  that  man's 
desire  to  extend  the  scope  of  his  consumption  is  met  by  obstacles 
arising  from  the  character  of  the  environment.  Outer  nature 
affords  a  few  free  goods,  it  is  true,  but  by  no  means  enough  to 
satisfy  man's  expanding  wants.  For  the  rest,  raw  materials  must  be 
transformed  into  pleasure-giving  products  by  artificial  processes. 
To  this  end  implements  are  necessary,  since  human  beings  are  not 
equipped,  as  most  animals  are,  with  the  technical  means  of  produc- 
tion. Organization  is  also  essential,  as  it  is  only  through  the 
systematic  division  and  association  of  their  productive  forces  that 
men  are  able  to  provide  the  requisite  variety  of  goods.  Because 
his  expanding  wants  outstrip  his  inherited  capacity,  to  overcome  the 
obstacles  arising  between  demand  and  supply,  man  is  accordingly 
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required  to  exercise  ingenuity  in  invention  and  undertake  economy 
in  organization.  Or,  to  express  it  more  concisely :  in  order  to 
extend  the  scope  of  their  consumption  human  beings  are  compelled 
to  improve  their  means  and  methods  of  production. 

Putting  two  and  two  together,  the  situation  seems,  then,  to  be 
this :  man's  desire  for  variety  urges  him  to  extend  the  scope  of  his 
consumption,  and  in  order  to  extend  the  scope  of  his  consumption 
he  is  obliged  to  improve  his  means  and  methods  of  production. 
Thus,  in  contradistinction  to  the  circular  sort  of  existence  charac- 
teristic of  animal  life,  the  course  of  human  progress  is  upward,  so 
to  speak,  along  the  lines  of  a  spiral.  The  emergence  of  elementary 
wants  in  men's  minds  stimulates  invention  and  organization  and 
results  in  the  production  of  goods.  The  consumption  of  these 
essential  goods  causes  wants  for  complementary  goods  to  emerge  in 
the  mind,  and  these  new  wants  in  turn  stimulate  further  invention 
and  organization.  Thus  new  wants  call  continually  for  the  im- 
provement of  productive  processes,  improved  productive  processes 
provide  a  further  variety  of  goods,  which  in  being  consumed  cause 
still  other  wants  to  emerge  in  the  mind  that  call  for  further 
improvement  of  productive  processes,  and  so  on ;  want  inducing 
satisfaction  and  satisfaction  inducing  want  almost  indefinitely. 

Thus  in  the  rational  economy  the  economic  sequence  is  progres- 
sive and  not  merely  recurrent  as  in  the  instinctive  economy.  In- 
stead of  demand  tending  toward  utility,  utility  leading  to  utiliza- 
tion, and  utilization  resulting  in  supply  over  and  over  again,  as  is 
the  case  with  most  animals,  in  man's  case  expanding  demand  tends 
toward  the  augmentation  of  utility,  the  augmentation  of  utility 
leads  to  increasing  utilization  and  increasing  utilization  results  in 
the  differentiation  of  supply. 
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BY  HENRY  G.    BRYANT. 
{Read  April  5,  1902,) 

Among  the  many  notable  sessions  of  this  venerable  Society,  per- 
haps none  in  recent  years  have  been  more  interesting  than  the 
"Nansen"  meeting  held  on  the  afternoon  of  October  29,  1897. 
It  was  one  of  the  last  occasions  on  which  our  late  President,  Fred- 
erick Fraley,  occupied  the  chair.  The  occasion  was  noteworthy, 
not  only  by  reason  of  the  paper  on  "  Some  of  the  Scientific  Results 
of  the  Fram  Expedition,"  read  by  the  distinguished  Norwegian 
explorer,  but  also  because  of  the  supplementary  discussion  which 
gave  opportunity  for  Rear  Admiral  George  W.  Melville  and  other 
competent  authorities  to  give  expression  to  their  views  on  the 
importance  of  Arctic  research  and  the  best  methods  of  prosecuting 
it  in  the  future. 

In  the  course  of  his  discourse  on  "The  Drift  of  the  Jeannette," 
Admiral  Melville — after  recommending  that  future  attempts  to  ex- 
plore the  unknown  area  should  start  from  the  Bering  Sea  side — 
called  attention  to  the  fact  that  much  valuable  data  relating  to 
circumpolar  currents  could  be  obtained  by  setting  adrift  in  the 
waters  north  of  Bering  Strait  specially  constructed  casks  containing 
the  requisite  records.  A  certain  percentage  of  these  floating  mes- 
sengers might  fairly  be  expected  to  survive  the  perils  of  the  Arctic 
pack  and  eventually  be  looked  for  in  waters  adjacent  to  Franz 
Joseph  Land,  Spitzbergen  or  Greenland.  In  this  connection  he 
remarked:  "I  do  believe,  however,  from  the  information  we 
have  gained  from  the  drift  of  the  Jeannette  and  the  Fram,  that 
vessels  of  any  kind,  such  as  casks  or  driftwood,  will  come  out  by 
way  of  Spitzbergen — though  not  necessarily  across  the  Pole.  The 
only  reason  for  sending  men  in  ships  is,  that  they  may  be  observers 

to  make  a  daily  record  of  events But  for  this,  I  say,  a 

hundred  casks,  properly  numbered,  made  after  the  manner  of  a 
beer  keg  of  twenty  gallons  capacity,  properly  hooped,  and  the  ends 
extended  out  to  complete  a  parabolic  spindle,  would  demonstrate 
the  drift.''* 

This  idea  of  studying  ocean  currents  from  data  obtained  from 
*' bottle  messages  "  is  not  entirely  new,  and  has,  in  fact,  been  em- 
ployed  by  the  Hydrographic  Office  of  the   U.  S.  Navy  and  by 

* "  The  Drift  of  the  Jeannette,"  Proc.  Am.  Phil.  Soc.,  Vol.  xxxvi,  No.  156. 
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Other  agencies  for  some  years  past.  But  in  such  cases  the  mes- 
sages have  been  enclosed  in  an  ordinary  bottle  and  have  been  dis- 
tributed along  the  ordinary  routes  of  ocean  travel.  But  the  idea 
of  investigating  circumpolar  currents  by  means  of  specially  con- 
structed drift  casks  originated,  I  believe,  with  Admiral  Melville, 
and  the  project  possesses  certain  features  which  will  commend  it  to 
that  large  body  of  students  who  are  interested  in  the  problems  of 
oceanography.  On  another  occasion  I  outlined  some  of  the  pre- 
liminaries of  this  experiment,  and  in  this  connection  I  venture  to 
quote  from  that  statement  of  the  subject :  * 

"This  proposed  method  of  studying  Arctic  currents  without 
endangering  human  life  having  been  brought  to  the  notice  of  the 
Geographical  Society  of  Philadelphia,  that  body  determined  to  un- 
dertake the  project.  In  view  of  the  exigencies  of  a  long  voyage  on 
the  floe  ice,  special  attention  was  given  in  the  construction  of  the 
casks  to  shape  and  strength  of  materials.  Thus,  to  more  readily 
escape  crushing  by  the  ice,  as  intimated  above,  their  shape  con- 
formed to  that  of  a  parabolic  spindle,  while  they  were  made  of 
heavy  oak  staves  one  and  one-quarter  inches  think,  encompassed 
by  iron  hoops  three  sixteenths  of  an  inch  thick  and  two  inches  wide. 
A  coating  of  black  'half  stuff*  (pitch  and  resin  mixed)  was  then 
applied.  In  addition  to  the  preservative  qualities  of  this  coating, 
the  thickness  of  the  wood  and  metal  used  is  believed  to  be  sufficient 
to  resist  the  attrition  of  the  ice  and  the  effects  of  corrosion  during 
the  long  drift.  The  staves,  so  tapered  as  to  form  the  spindle,  were 
covered  on  the  ends  by  light  galvanized  cast-iron  caps,  held  in 
place  by  an  iron  rod  five-eighths  of  an  inch  in  diameter,  extending 
the  length  of  the  cask  and  secured  by  conical  nuts  at  each  end.  As 
above  stated,  a  heavy  coating  of  black  water-proofing  material  was 
applied  to  the  casks  to  guard  against  corrosion  and  decay.  From 
the  color  used  they  will  be  more  easily  seen,  and  will  also  the  more 
readily  sink — under  the  action  of  the  summer  sun — into  the  body 
of  the  ice  and  be  preserved  from  destruction  by  crushing.  The 
number  of  each  cask  was  etched  into  the  wood,  as  well  as  painted 
on  the  outside.  In  accordance  with  the  instructions  of  the  origin- 
ator of  the  plan,  the  vessels  must  be  placed  on  the  heavy  floe  ice. 
If  set  adrift  in  open  water  they  would  be  too  much  at  the  mercy  of 
winds  and  waves,  whereas  by  being  deposited  on  heavy  ice,  which 

'  "  Drift  Casks  to  Determine  Arctic  Currents,"  by  Henry  G.  Bryant,  Ver- 
handlungen  des  SUbenUn  Internationa len  Geographen-Kongresses,  Berlin, 
1899,  Zweiter  Theil,  Seite  665. 
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is  more  affected  by  under  currents,  they  will  probably  be  carried  on 
a  more  correct  drift.  A  reinforced  bung-hole  with  bung  was  pro- 
vided, and  through  this  the  message  bottle  was  inserted 

This  latter  consisted  of  a  narrow  cylindrical  tube  made  of  flint 
glass,  and  technically  known  as  an  '  ignition  tube,'  accompanying 
which  were  suitable  corks  and  sealing  wax.  As  an  additional  pre- 
caution, these  tubes  were  in  turn  enclosed  in  cases  made  of  maple 
wood  provided  with  screw  tops. 

"  The  message  paper  enclosed  in  this  way  was  printed  on  linoleum 
paper  by  a  permanent  blue-print  process,  which  renders  it  practi- 
cally impervious  to  salt  water.  The  enclosed  message  was  printed 
in  the  English,  Norwegian,  German  and  French  languages,  and 
embodied  the  following  particulars : 

'*(a)  Space  for  name  of  vessel  and  master  assisting  in  distribution, 
date,  number  of  cask,  and  latitude  and  longitude  of  point  where 
it  was  set  adrift. 

'*(^)  Directions  as  to  filling  in  record  and  sealing  up  tube. 

"(r)  Blank  space  for  insertion  of  name  of  finder,  date  and  locality 
where  cask  was  picked  up. 

**(^)  Clause  requesting  finder  to  forward  message  paper  to  the 
nearest  United  States  Consul  at  his  home  port,  or  to  send  it  direct 
to  the  Geographical  Society  of  Philadelphia. 

"Accompanying  each  consignment  of  casks  was  a  set  of  printed 
instructions  to  masters  of  vessels  engaged  in  their  distribution." 

In  the  important  and  hazardous  work  of  distributing  the  fifty 
casks  provided  for  the  experiment,  the  promoters  of  the  enterprise 
have  received  the  assistance  of  the  U.  S.  Revenue  Cutter  Bear, 
which  makes  yearly  trips  to  Point  Barrow,  Alaska,  in  the  interests 
of  the  American  whalemen.  We  have  also  profited  by  the  cooper- 
ation of  the  Pacific  Steam  Whaling  Co.  and  of  Messrs.  Liebes  & 
Co.,  of  San  Francisco,  both  of  whose  vessels  have  assisted  in  placing 
the  casks  adrift  in  the  far  North.  The  reports  of  the  accomplish- 
ment of  this  preliminary  work  have  come  in  rather  slowly  owing  to 
the  length  of  the  whaling  voyages  and  other  causes.  Thus  the 
first  consignment  of  casks  was  shipped  from  San  Francisco  as  early 
as  March,  1899,  ^.nd  the  others  as  soon  after  as  opportunity  offered ; 
and  yet,  of  the  thirty-five  casks  whose  distribution  has  thus  far 
been  reported,  intelligence  of  the  last  distribution  arrived  here  no 
later  than  December  1 1  of  last  year. 

Thus  only  within  the  last  few  months  has  it  been  possible  to 
report  definitely  in  regard  to  the  launching  of  the  greater  number 
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of  the  casks,  and  I  have,  therefore,  availed  myself  of  the  present 
opportunity  to  present  some  details  relating  to  the  present  status  of 
the  experiment.  The  directions  to  masters  of  vessels  having  in 
charge  the  distribution  embodied  the  main  ideas  of  the  originator 
of  the  plan  and  recommended  ''that  special  efforts  be  made  to 
carry  a  number  of  casks  north  of  Bering  Strait  and  thence  to  the 
westward,  where  a  number  of  them  should  be  set  adrift  at  or  near 
Herald  Island.  Then  proceeding  northward  along  the  eastern  edge 
of  the  ice  pack  until  the  highest  safe  latitude  is  obtained — say  lat. 

75^  N.,  long.  170°  W.  from  Greenwich At  this  point  final 

sets  of  casks  are  to  be  set  adrift  to  demonstrate,  if  possible,  the 
currents  to  the  eastward  or  northward  ind  eastward,  if  any  there 
prevail."  In  examining  the  reports  sent  in,  I  find  that  these  in- 
structions have  been  carried  out  in  a  praiseworthy  manner.  Thus 
I  find,  by  plotting  the  positions  indicated,  that  on  August  19  and 
21,  190 1,  the  U.  S.  Revenue  Cutter  Bear,  under  Capt.  Francis 
Tuttle,  placed  fifteen  casks  adrift  at  three  different  points  on  the 
fioe  ice  north  and  northeast  of  Herald  Island,  making  a  northing 
in  one  instance  of  72°  18"  near  the  175th  meridian  of  west  longi- 
tude. 

In  September,  1899,  Capt.  D.  T.  Tilton,  of  the  S.  S.  Alexander, 
belonging  to  Messrs.  Liebes,  placed  four  casks  adrift  south  and  east 
of  Herald  Island,  and  in  the  same  month  Capt.  Sherman,  of  the 
Pacific  Steam  Whaling  Co.'s  steamer  Thrasher,  discharged  one 
cask  W.  N.  W.  of  Point  Barrow,  while  in  September  of  last  year 
(1901)  the  same  company's  vessel,  the  Narwhal,  succeeded  in 
launching  three  casks  in  three  different  locations  well  north  and 
west  of  Herald  Island.  The  highest  northing  yet  reported  as  a 
delivery  of  the  casks  was  attained  by  the  vessel  just  mentioned  on 
September  7,  1901,  when  73°  N.  lat.  was  reached. 

Thus  we  find  that  twenty-two  casks  have  been  successfully 
launched  at  different  periods  on  the  great  ice  pack  north  and 
northeast  of  Herald  Island. 

With  a  view  of  testing  the  probable  existence  of  a  northeastern 
or  North  American  drift  through  the  Parry  Archipelago,  and  along 
the  route  followed  by  McClure  fifty  years  ago  in  accomplishing  the 
Northwest  Passage,  the  whaling  captains  were  requested  to  distribute 
some  casks  in  the  region  of  Banks  Land,  near  the  western  approach 
to  the  Northwest  Passage  route.  This  plan  coincided  with  the 
movements  of  the  whaling  fleet,  the  members  of  which  frequently 
extend  their  voyages  for  considerable  distances  east  of  their  winter 
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rendezvous,  Herschel  Island.  Hence  we  find  that  some  nine  casks 
were  set  adrift  off  Banks  Land  in  1899  and  1900  by  the  steam 
whalers  Alexander,  Thrasher,iNarwhal  and  Beluga.  It  seems  to  be 
altogether  reasonable  to  assume  that  quite  a  large  percentage  of  the 
water  contributed  to  this  part  of  the  Arctic  Ocean  by  the  Macken- 
zie River  should  find  its  outlet  by  means  of  the  devious  channels 
which  extend  eastward  among  the  islands  of  the  American  Archi- 
pelago ;  but  just  which  route  the  drift  casks  will  take,  or  how  long  it 
will  take  them  to  reach  the  whaling  grounds  in  Lancaster  Sound,  it 
is  idle  to  conjecture.  Should  any  number  of  the  casks  be  recovered 
on  the  Atlantic  side,  however,  the  time  occupied  by  them  on  the 
journey  between  the  known  termini  can  be  ascertained  with  some 
accuracy,  and  the  resulting  data  should  throw  some  light  on  the 
speed  of  the  current  in  question.  From  the  representatives  of  this 
miniature  flotilla  which  were  cast  adrift  in  the  waters  north  of 
Bering  Strait,  we  may  look  for  more  definite  results. 

It  has  been  known  for  years  that  no  appreciable  amount  of  water 
from  the  Polar  Ocean  escaped  through  the  narrow,  shallow  outlet 
of  Bering  Strait,  while  the  knowledge  gained  from  the  drift  of  the 
Jeannette  and  Fram  point  to  the  existence  of  a  well-defined  drift 
across  the  circumpolar  area  to  the  shores  of  Franz  Joseph  Land, 
Spitzbergen  and  East  Greenland.  The  presence  of  quantities  of 
Siberian  driftwood  in  the  localities  named  can  be  explained  by  no 
other  intelligent  hypothesis,  while  it  is  well  known  that  Dr.  Nansen 
based  the  theory  of  his  voyage  primarily  on  the  finding  of  the 
Jeannette  relics  on  the  west  coast  of  Greenland,  three  years  after 
the  crushing  of  that  vessel  in  the  sea  northeast  of  the  New  Siberian 
Islands.  Prince  Krapotkin,  the  distinguished  Russian  writer,  gives 
due  importance  to  the  Jeannette's  voyage  as  bearing  on  the  solu- 
tion of  this  problem,  and  commends  Nansen  for  "  embodying  the 
drift  of  the  Jeannette  and  the  East  Greenland  ice  drift  in  one 
mighty  current.  A  formidable  ice  current,  almost  as  mighty  and 
of  the  same  length  as  the  Gulf  Stream,  a  current  having  the  same 
dominating  influence  in  the  life  of  our  globe,  has  thus  been  proved 
to  exist."  *  Those  who  are  interested  in  this  experiment  indulge  in 
the  hope  that  these  casks,  which  have  been  consigned  to  the  sea 
ice  near  the  locality  where  the  Jeannette  began  her  drift,  will  pur- 
sue their  voyage  across  the  Polar  basin  impelled  by  the  same  ele- 
mental forces  which  carried  the  Jeannette  so  far  on  her  journey, 

*"  Recent  Science,"  Nineteenth  Century ^  February,  1897,  P-  259. 
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and  which  subsequently  swept  the  brave  little  Fram  across  a  great 
portion  of  the  unknown  area. 

From  the  nature  of  the  case,  it  is  difficult  to  prophesy  the  time 
that  will  be  required  to  complete  the  drift. 

The  Jeannette  was  put  into  the  ice  in  latitude  71°  35' N.  and 
longitude  175°  W.  and  consumed  twenty-two  months  in  making 
her  zigzag  drift  of  1300  miles.  The  provision  list  signed  by 
Lieutenant  DeLong,  and  the  other  articles  believed  to  belong  to  the 
Jeannette,  were  three  years  in  traversing  the  distance  from  the  place 
where  that  vessel  was  crushed  in*  latitude  77^  15'  N.,  longitude 
155°  E.,  to  the  point  where  they  were  picked  up  by  the  Eskimo, 
off  Julianhaab,  in  South  Greenland,  a  distance  of  2900  miles.^ 

Assuming  that  the  resultant  of  the  drift  of  these  casks  will  be  the 
same  as  that  of  the  Jeannette  before  she  sank,  and  assuming  that 
their  subsequent  drift  will  be  at  a  rate  of  speed  corresponding  to 
that  of  the  relics — that  is,  about  2.6  miles  per  day  of  twenty-four 
hours — we  find  that  a  period  of  about  five  years  will  be  required  to 
bring  them  to  the  same  locality ;  but  it  is  only  fair  to  assume  that 
a  certain  percentage  of  the  casks  which  are  carried  in  this  great 
current — estimated  to  be  300  miles  in  width — will  find  their  way  to 
the  shores  of  Franz  Joseph  Land,  Spitzbergen  or  Nova  Zembla, 
in  which  event  the  chances  are  quite  good  of  their  being  recovered 
at  an  earlier  date  by  Norwegian  walrus  hunters  or  fishermen. 

The  controlling  influence  of  winds  in  their  relation  to  the  recog- 
nized and  well-defined  ocean  currents  is  a  fact  accepted  by  all 
meteorologists  at  the  present  day.  It  is  said  currents  are  set  in 
motion  by  this  agency  which  attain  a  speed  of  from  three  to  four 
miles  per  hour.  If  such  is  the  case  where  the  ordinary  ocean  sur- 
faces are  concerned,  how  much  more  potent  must  the  impelling 
force  of  the  winds  be  in  conditions  where  countless  ice  surfaces  are 
presented  to  its  action.  In  reading  of  the  drift  of  the  Jeannette, 
nothing  is  more  striking  than  the  rapid  progress  the  imprisoned 
ship  made  in  the  summer  months  as  a  result  of  the  influence  of  the 
continuous  southeast  winds  which  prevailed.  Admiral  Melville 
alludes  to  the  effect  of  innumerable  hummocks  of  ice,  **  like  mil- 
lions of  sails  set  to  catch  the  breeze,"  and  states  that  after  each  of 
these  disturbances  had  subsided  a  setback  drift  to  the  southeast  set 
in.'  The  experiences  of  the  Fram  party  appear  to  have  been  quite 
similar ;  and  these  facts  would  seem  to  point  to  some  uniform  and 

1    The  Farthest  Norths  Dr.  Fiidtjof  Nansen,  Vol.  i,  p.  19. 
«  «  The  Drift  of  the  Jeannette,"  Id, 
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consistent  set  of  conditions  which  may  be  explicable  from  a  meteor- 
ological standpoint.  The  published  weather  charts  show  that  there 
is  an  area  of  low  barometric  pressure  where  a  cyclonic  disturbance 
takes  place  whose  centre  in  summer  time  is  well  north  of  Bering 
Strait,  and  which  in  yielding  to  seasonal  changes  drops  down  at 
the  approach  of  winter  to  a  region  south  of  Bering  Strait. 

Thus  in  the  summer  months  this  centre  of  disturbance  would  be 
north  of  the  position  occupied  by  the  Jeannette,  and  winds  in  fol- 
lowing their  accepted  course  from  west  to  east  would  naturally  be 
drawn  in  and  approach  the  cyclonic  area  from  the  southeast,  caus- 
ing the  continuous  gales  referred  to  by  Admiral  Melville. 

Meteorologists  also  refer  to  the  existence  of  a  centre  of  cyclonic 
disturbance  between  the  70th  and  80th  parallels  of  north  latitude, 
which,  following  the  general  law,  progresses  with  the  seasons  on  a 
more  or  less  uniform  path  from  west  to  east  around  the  Polar  basin. 
The  presence  of  this  moving  centre  of  attraction  (if  it  is  accepted 
as  an  existent  factor  in  circumpolar  meteorology)  must  exert  a  con- 
trolling influence  on  the  winds  of  this  region,  and  it  follows  as  a 
logical  sequence  that  the  direction  of  the  ocean  currents  must  be 
regulated  by  the  same  phenomena.  Without  claiming  any  special 
knowledge  of  this  branch  of  the  subject,  it  occurs  to  me  that  in 
this  connection  we  may  And  an  explanation  of  the  existence  of 
more  or  less  constant  winds  at  certain  times  of  the  year  in  the  re- 
gion referred  to,  and  in  these  phenomena  may  lie  the  interpretation 
of  the  reality  and  constancy  of  the  great  Polar  current. 

With  the  generous  cooperation  of  the  various  agencies  men- 
tioned, the  drift-cask  experiment  has  been  successfully  inaugurated. 
It  is  our  intention  to  bespeak  the  aid  of  the  U.  S.  Consuls  in 
northern  Europe  likely  to  come  in  contact  with  seafaring  people 
who  may  visit  the  northern  waters  where  these  casks  may  eventually 
put  in  an  appearance.  It  is  hoped  that  such  publicity  will  be  given 
to  the  project,  that  when  the  time  arrives  for  these  inanimate  mes- 
sengers to  appear  in  waters  frequented  by  men,  a  certain  percentage 
of  them  may  be  recovered  and  reported  upon. 

We  look  forward  with  keen  interest  to  the  outcome  of  the  present 
campaign  of  the  gallant  Peary,  and  to  the  eflbrts  of  the  superbly 
equipped  Baldwin-Ziegler  expedition  in  its  attack  on  the  Pole. 

To  the  Norwegian  expedition  under  Sverdrup  and  the  Russian 
one  under  Baron  Toll,  we  also  wish  a  full  measure  of  success.  And 
we  trust  all  these  explorers  will  return  with  important  contributions 
to  our  knowledge  of  the  far  North. 
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Should  the  prize  of  the  centuries  be  denied  to  these  intrepid 
voyagers,  however,  it  may  be  that  some  devoted  enthusiast  will  be 
moved  to  attempt  to  explore  the  unknown  area  in  an  expedition 
planned  on  the  lines  of  the  Fram  voyage,  which  after  all  promises 
the  greatest  chance  of  success. 

In  such  an  event  it  is  hoped  that  the  data  secured  as  a  result  of 
this  drift-cask  experiment  may  be  found  to  be  a  contribution  of 
some  value  to  the  hydrography  of  the  Arctic  regions. 


BLINDNESS  FROM  CONGENITAL  MA.LFORMATION 
OF  THE  SKULL. 

(Plate  XX.) 

BY  CHARLES   A.    OLIVER,    A.M.,   M.D. 

{Read  April  6, 190!S,) 

Congenital  malformations  of  the  skull  assert  their  evil  effects 
upon  the  integrity  of  the  tissues  of  the  visual  apparatus  and  its 
consequent  functioning  in  definite  ways.  Should  the  disturbing 
factors  be  set  into  activity  during  intrauterine  existence,  while  the 
cranial  bones  are  passing  through  their  primary  stages  of  develop- 
ment, the  direct  effects  of  such  disturbance  will  be  so  great  that 
not  only  will  organic  changes  appear  in  the  ocular  structures,  but 
coarse  associated  faults  will  manifest  themselves  in  the  related  and 
contiguous  tissues. 

The  posterior  portion  of  the  cranium  is  proportionally  the 
largest  during  the  early  stages  of  development  of  the  skull,  the 
parietal  regions  beginning  to  enlarge  at  about  the  eighth  week  of 
intrauterine  life,  followed  soon  afterward  by  the  frontal  and  the 
occipital  regions. 

The  newly  born  cranium  is  relatively  very  large  in  comparison 
with  the  rest  of  the  body.  In  contrast  with  the  facial  portion  it 
exhibits  a  predominance  of  the  cerebral  part  in  proportion  of  seven 
to  one.  The  six  membranous  fontanelles  and  the  fibrous  septa 
between  the  adjacent  osseous  structures  continue  intracranially  with 
the  dura  mater  and  extend  extracranially  to  form  the  pericranium, 
giving  rise  to  sacs  in  which  bony  plates  without  diploe  are  situated. 
At  this  period  of  life  there  are  cartilaginous  areas  scattered  through 
the  occipital  bone,  while  the  presphenoid  portion  of  the  sphenoid 
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bone  fails  to  exhibit  any  of  the  sinuses  that  are  seen  in  adult  life. 
The  optic  foramina  are  large  in  size  and  triangular  in  shape,  having 
been  obtained  by  the  confluence  of  the  presphenoidal  and  orbito- 
sphenoidal  centres.  The  superciliary  ridges  and  frontal  sinuses 
are  not  yet  present.  The  lacrymal  bones  consist  of  simple  delicate 
sheets.  As  a  rule,  the  nerve  foramina  occupy  sutural  points  or 
positions  of  ossific  centres. 

Both  the  primary  and  the  secondary  foramina,  particularly  the 
latter,  are  disturbed  by  distortion-processes  taking  place  during 
their  passage  through  many  complicated  bony  tunnels  before  they 
escape  through  the  dural  sheath,  as  is  primarily  done  by  the  former 
types. 

Minor  arrests  and  perversions  of  development  in  the  bones  of  the 
upper  face  are  so  frequent  that  they  constitute  the  daily  findings  of 
the  scientific  ophthalmologist  and  trained  optician.  Orbital  de- 
formities, more  especially  those  of  the  rim  of  the  orbit,  are  very 
common,  and  although  they  have  decided  effects  upon  refractive 
error  and  exterior-ocular  muscle-equilibrium,  they  fail  to  exert  but 
little,  if  any,  damage  upon  combined  visual  functioning  when  the 
resultant  functional  faults  are  either  orthopedically  or  radically 
corrected.  More  pronounced  osseous  deformation,  the  result  of 
disturbances  of  development  of  the  bones  of  the  face,  show  coarser 
signs  of  fault  in  the  eyeballs  and  their  adnexa;  exhibiting,  for 
example,  monolateral  and  bilateral  stenoses  of  the  nasolachrymal 
ducts.  In  the  grosser  forms  of  congenital  malformation  leading  to 
antenatal  or,  later,  postnatal  blindness  (the  subject-matter  of  this 
communication),  it  is  probable  that  the  primary  changes  have  taken 
place  in  the  notochordal  and  trabecular  regions  during  the  chondral 
stages  of  development  of  the  brain-case.  In  these  types,  both 
irregular  ossification  with  consequent  cranial  contraction  in  one 
situation  and  undue  expansion  in  another,  and  undue  sutural  closure 
from  inflammation  of  the  osteophytic  membranes  with  resultant 
thickenings  and  ridge-like  eminences  along  the  osseous  junctures, 
especially  in  the  basilar  series  of  bones  at  their  asteriorial,  inional 
and  lambdal  points  of  junction,  may  appear. 

The  normal  morphology  of  the  skull  is  expressed  in  three  stages. 
The  brain  vesicles  are  at  first  enclosed  in  a  thin  delicate  sac,  a  part 
of  which  gradually  hardens  into  a  fibrous  membrane,  while  the  rest 
persists  to  form  the  dura  mater  of  postnatal  life.  The  second  stage 
is  represented  by  a  partial  conversion  of  the  metaraorphic  tissues  into 
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cartilage,  particularly  at  the  sides  and  the  base  of  the  membranous 
cranium.  During  the  third  stage,  true  osseous  material  obtained 
from  both  the  membrane  bones  and  cartilage  bones  appears,  until 
finally  a  more  or  less  completed  bony  coverirg  containing  rem- 
nants of  chondral  matter  is  obtained. 

The  occipital  bone  originates  from  four  centres :  the  basioccipital, 
formed  from  cartilage  at  about  the  seventieth  day ;  the  two  exoc- 
cipitals,  also  derived  from  cartilage  a  few  days  later;  and  the 
squamoccipital,  composed  of  two  parts,  the  interparietal  and  the 
supraoccipital,  which  appear  from  separate  nuclei  at  about  the 
eighty-fourth  day,  and  unite  in  about  twenty-four  days'  time.  At 
birth  all  of  these  parts  are  connected  by  cartilaginous  strips.  They 
are  not  fully  fused  until  the  seventh  year  of  postnatal  life,  the  two 
exoccipitals  and  the  squamoccipital  becoming  ankylosed  some  two 
years  later. 

The  sphenoid  bone  arises  from  twelve  bone  nuclei  arranged  in 
pairs,  these  being  divided  into  two  pair  for  the  presphenoidal  and 
four  for  the  postsphenoidal  centres.  These  centres  successively 
appear  from  the  fifty- fourth  to  the  ninety-first  day  of  intrauterine 
life. 

The  parietal  bones  are  of  interest,  as  they  constitute  a  great  por- 
tion of  the  vault  and  sides  of  the  skull,  and  are  in  direct  relation- 
ship with  some  of  the  most  important  sutures — the  sagittal  with  its 
fellow,  the  coronal  with  the  frontal,  the  lambdoidal  with  the 
squamoccipital,  and  the  squamus  with  the  squamal ;  the  anterior 
inferior  angle  articulating  with  the  sphenoid,  and  the  posterior 
inferior  angle  articulating  with  the  mastoid  portion  of  the  petrosal. 
As  a  rule,  each  parietal  bone  ossifies  from  a  single  earthy  spot, 
situated  in  the  outer  layer  of  the  membranous  covering  of  the  cra- 
nium, at  about  the  forty-second  day  of  intrauterine  existence. 

The  frontal  bone,  another  important  suture-bearing  roof  bone, 
arises  from  two  earthy  spots  in  the  external  layer  of  the  membranous 
covering  of  the  cranium,  about  a  week  later  than  those  that  are 
intended  for  the  parietal  bones.  These  two  portions,  as  a  rule, 
mite  soon  after  birth  by  a  median  suture-line  known  as  the  metoptic. 
Ankylosis  commences  at  about  the  second  year  of  postnatal  exist- 
ence. A  portion  of  the  bone  helps  form  a  part  of  the  orbits  and 
has  its  main  connections  with  the  ethmoidal,  the  lacrymal,  the 
malar,  the  superior  maxillary,  the  nasal,  the  parietal,  and  the  sphe- 
noidal bones. 
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The  epipteric  bones,  wedged  between  portions  of  the  frontal,  the 
parietals,  the  sphenoid  and  the  temporal  bones,  are  of  importance 
in  this  study.  They  are  present  from  the  second  year  of  life  to 
about  the  age  of  adolescence ;  they  then  persist  as  true  ossicles  or 
help  to  form  new  sutures.     They  are  variable  in  size. 

The  Wormian  bones,  that  at  times  are  found  in  great  numbers  in 
the  various  sutures  of  the  cranial  part  of  the  skull,  must  also  be 
considered  of  value  in  this  connection. 

The  sphenoid  bone,  the  most  important  and  the  most  irregular 
of  the  basilar  bones,  is  situated  in  the  region  of  the  anterior  and 
middle  fossa.  It  practically  contains  all  of  the  foramina  and  fis- 
sures intended  for  the  emergence  and  the  exit  of  the  sensory  and 
motor  nerves,  blood  vessels  and  lymph  channels  connecting  the 
intracranial  and  external  portions  of  the  visual  apparatus.  The 
middle  fossa  is  the  most  complicated  of  the  three  great  depressions 
in  the  floor  of  the  cranial  cavity,  it  containing  all  of  the  most  im- 
portant nerve  communications  and  vascular  and  lympH  channels 
that  are  in  association  with  the  optic  nerves  and  eyeballs.  The 
posterior  fossa  hold  the  occipital  lobes  in  their  subdivisional  cere- 
bral fossa,  that  are  situated  above  the  groove  that  is  intended  for 
the  course  of  the  lateral  sinus. 

It  is  a  well-known  fact  that  cranial  asymmetry  is  almost  universal. 
Study  of  the  main  foramina  and  fissures  of  the  various  orbital  cavi- 
ties of  man  exhibit  marked  variabilities  in  their  relative  sizes, 
shapes  and  positions.  The  average  depth  of  the  orbit  of  the  Negro 
race,  for  example,  is  at  least  an  eighth  greater  than  it  is  in  the  orbit 
of  the  Caucasian ;  while  the  early  ossification  of  the  septum  with 
the  superior  maxilla  in  the  same  race  produces  a  normal  flattening 
of  the  glabella,  with  a  lateral  broadening  of  the  alae  of  the  nose. 
Moreover,  in  this  class  of  subjects  the  characteristic  prognathism  of 
the  race  becomes  apparent  when  the  individual  has  passed  the 
pubertal  period,  at  which  time  of  life  an  over- development  of  the 
inferior  maxillary  bone  occurs.  Here  there  is  type-form  of  indi- 
vidual with  a  flattened  nose,  a  wide  interpupillary  distance,  a  broad, 
flat  forehead  and  a  projecting  malar  prominence,  that  are  all  so 
characteristic  of  the  usual  brachycephalic  head:  here  there  are 
individuals  representing  one  of  the  principal  subspecies  of  human 
life  in  whom  there  are  probable  retentions  of  some  of  the  most 
pronounced  features  of  the  quadrumana ;  a  true  acceleration,  as  it 
were,  passing  beyond  the  Caucasian  retardation  of  embryonic 
development. 
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It  is  not,  however,  with  these  minor  and  relatively  undisturbing 
types  that  this  communication  deals.  It  is  with  the  grosser  forms 
of  cranial  malformation ;  those  that  particularly  involve  the  basil- 
ary  fossa  and  their  many  fissures  and  foramina ;  types  which  sooner 
or  later  give  expression  to  blindness  as  one  of  their  most  prominent 
and  characteristic  symptoms. 

The  gross  configuration  of  the  skull  and  the  condition  of  the 
various  portions  of  the  visual  apparatus  are  so  strictly  in  accord  with 
one  another,  that  certain  forms  of  cranial  asymmetry  can,  with 
almost  definite  precision,  be  associated  with  certain  kinds  of  blind- 
ness. Five  coarse  clinical  types  of  cranial  deformation — the  well- 
known  oxycephalic,  the  scaphocephalic,  the  leptocephalic,  the 
trigonocephalic,  and  what  I  have  elsewhere  described  as  the  occipi- 
tal or  occipito-parietal — may  be  cited. 

The  oxycephalic  or  even  the  gross  hypsicephalic  type  is  char- 
acterized by  the  so-called  steeple-shaped  or  dome-like  head.  It  is 
dependent  upon  an  improper  union  of  the  parietal  bones  with  the 
occipital  bone,  the  temporal  bones  and  the  sphenoid  bone,  produc- 
ing compensatory  over-developments  along  the  sagittal  suture  and 
in  the  position  of  the  anterior  fontanelle.  The  pterion  region  with 
its  anterior  lateral  fontanelle  and  later  Wormian  bone,  and  the 
region  of  the  lambda  marking  the  situation  of  the  posterior  fonta- 
nelle, with  its  intervening  sutures  and  angular  articulation,  are  all 
too  early  united  and  ankylosed,  giving  rise  to  corresponding  rela- 
tive disturbances  in  the  calval  portion  of  the  cranium,  particularly 
along  the  sutural  lines  and  in  the  most  nearly  related  fontanelles. 

In  this  type,  which  may  be  very  slight  or  of  the  grossest  charac- 
ter, as  shown  in  the  accompanying  reproductions  of  two  undeniable 
cases  occurring  in  my  public  practice  at  the  Philadelphia  and  Wills' 
Hospitals  (Plate  XX,  Figs,  i  and  2),  the  visual  signs  of  the  disease 
vary  from  the  veriest  eye  symptom  to  the  coarsest  ocular  expres- 
sion, and  may  first  appear  at  any  time  during  early  or  middle  life. 

Case  I. — The  gross  example  shown  in  Fig.  i  was  that  of  a  sixty-two- 
year- old  negro,  who,  with  a  history  of  an  acute  attack  of  convulsive 
seizures  from  fright,  occasioned,  he  asserted,  by  a  fall  ^  at  one  year  of 
age,  had  three  years  later  the  expression  of  "pop-eyed"  epithetically 
applied  to  him,  this  pseudonym  having  since  persisted  throughout  life. 

The  patient  stated,  and  I  one  day  had  a  clinical  demonstration  of  the 

^  The  postnatal  fall  as  a  causatiye  factor  for  the  cranial  malformation  must  be 
rejected  when  the  congenital  stigmata  are  considered. 
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same,  that  he  had  more  than  once  pushed  his  right  eye  out  between  the 
lids.  Five  years  before  I  saw  him  he  accidentally  discovered  that  he 
could  not  see  with  the  left  eye.  Two  and  a  half  years  after  this  the 
sight  of  the  right  eye  began  to  gradually  fail,  until  at  the  time  of  exam- 
ination it  was  found  that  vision  with  it  was  reduced  to  a  faint  doubtful 
perception  of  light  in  an  inferior  temporal  field.  The  left  eye  was  blind. 
The  superficial  areas  of  the  two  orbits  were  immense.  The  lids  were 
large  and  the  palpebral  fissures  were  broad  and  long.  When  the  posi- 
tion of  the  left  eye  was  gauged  so  as  to  have  its  supposed  visual  axis 
directed  straight  ahead,  the  right  eye  projected  two  and  a  quarter  milli- 
meters forward  beyond  the  superior  and  the  inferior  margins  of  the 
orbit,  and  diverged  some  thirty  degrees  out  and  three  degrees  down. 
When  the  right  eye  was  placed  in  the  same  relative  position,  the  left  eye 
was  found  to  be  almost  as  greatly  diverged  and  was  directed  somewhat 
more  downward.*  Curiously,  extraocular  motion  was  very  little  if  at 
all  disturbed,  although  palpation  showed  that  the  eyeballs  were  situated 
in  extremely  shallow,  almost  saucer-like  orbits,  the  shallowest  portions 
of  the  cavities  being  situated  toward  the  median  line.  The  corneal 
epithelium  was  thickened  and  the  deeper  structures  of  the  membrane 
were  opaque  in  a  couple  of  places.  The  pupils  were  large  and  the  irides 
seemed  disproportionately  sluggish  in  their  various  reactions  to  the 
amount  of  local  disturbance.  Both  lenses  presented  evidences  of  dense 
secondary  degeneration,  that  of  the  left  eye  being  so  opaque  that  the 
fundus  of  the  organ  was  invisible.  A  faint  red  glare,  with  the  appear- 
ance of  a  few  retinal  vessels — best  seen  with  a  minus  spherical  lens  of 
twenty  diopters*  strength — made  it  probable  that  portions  of  the  sec- 
ondary ocular  lesions  were  due  to  a  high-grade  myopia.  Intraocular 
tension  in  each  eye  was  normal.  The  anterior  scleral  vessels  were  not 
engorged,  and  there  was  not  any  ciliary  tenderness. 

The  conformation  of  the  skull  was  typical.  The  lower  jaw,  which 
was  increased  in  size,  was  mesognathous,  if  not  prognathous  in  shape. 
The  condition  of  the  hands,  as  seen  crossed  upon  the  body,  discredited  the 
belief  of  any  disease  of  the  pituitary  body.  The  bitemporal  diameter 
of  the  skull  was  but  thirteen  and  a  half  centimeters,  and  the  biparietal 
was  but  one  and  a  quarter  centimeters  wider.  The  occipito-frontal  diam- 
eter equaled  eighteen  and  a  half  centimeters,  while  the  occipito -mental 
was  somewhat  in  excess  of  twenty-six  centimeters.  The  trachelo-breg- 
matic  diameter  was  twenty-three  and  a  half  centimeters  in  length.* 


*  The  exophthalmus  and  divergence  can  he  easily  differentiated  by  examina- 
tion of  the  reproduction  of  the  photograph  of  the  case. 

'  I  am  under  obligations  to  Dr.  Clarence  Van  Epps,  one  of  my  Residents  in 
both  institutions,  for  presentation  of  the  copy  of  the  photograph  of  the  first 
subject  taken  by  Mr.  James  F.  Wood,  of  Philadelphia;  to  Dr.  Frederick  C 
Krause,  one  of  my  former  assistants,  and  now  Assistant  Ophthalmic  Surgeon  to 
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The  second  example  of  the  type,  in  a  German,  an  excellent 
illustration  of  possibly  an  extreme  hypsicephalic  skull  with  a  pre- 
ternaturally  elongated  bregmato-mental  diameter,  is  not  quite  so 
rare,  I  having  the  opportunity  to  systematically  study  four  or  five 
such  patients  in  a  total  number  of  some  sixty  to  seventy  thousand 
cases  of  ophthalmic  disease  that  I  have  seen  in  the  combined  public 
and  private  practice  of  myself  and  others.* 

The  reproduction  of  the  photograph  of  the  case  shown  in  Plate 
XX,  Fig.  2  gives  a  good  idea  of  the  general  appearances  of  the  head 
in  profile.  In  this  case  the  suboccipito-bregmatic  circumference 
equaled  twenty  inches,  the  occipito-frontal  circumference  was 
nineteen  and  a  half  inches,  and  the  occipito-mental  circumference 
equaled  twenty-six  and  a  half  inches. 

Case  II. — The  patient,  who  was  born  in  Germany,  was  a  thirty-fivc- 
year-old  farmer.  He  stated  that  he  had  always  had  a  curiously  shaped 
skull.  He  had  been  free  from  all  disease  until  he  was  ten  years  old,  at 
which  time  he  had  had  a  series  of  spasms.  These  convulsions  were 
associated  with  a  permanent  divergence  of  the  eyes  and  a  persistent  in- 
different vision  which  was  more  pronounced  in  the  left  eye.  Three 
weeks  before  I  saw  him,  he  noticed  that  the  sight  of  his  good  eye  began 
to  fail,  this  failure  being  associated  at  times  with  deeply  seated  orbital 
pains  on  the  same  side.  His  habits,  he  said,  were  good,  and  there  were 
not  any  signs  of  gross  hereditary  or  acquired  disease.  No  other  mem- 
bers of  his  family  "for  three  generations  back  had  gone  blind."  His 
parents  were  not  blood  relations. 

Vision  with  the  right  eye  was  reduced  to  an  incorrectible  one-eighth 
of  normal  in  an  excentrically  placed  field,  with  its  fixation-point  situ- 
ated far  up  and  in.  Color  perception  for  green,  red,  blue  and  yellow 
was  lost.  Vision  with  the  left  eye  was  almost  gone,  there  being  but  one 
small  area  of  doubtful  at  times  light-perception  situated  in  an  extreme 
temporal  field  as  the  last  remnant  of  sensory  functioning.  Intraocular 
tension  in  each  eye  was  normal.  The  pupil  of  the  left  eye,  which  was 
round,  was  about  two  millimeters  larger  than  the  similarly  shaped  one 
of  the  right  eye.  The  right  iris  responded  fairly  well  to  light-stimulus 
and  accommodative  eflforts,  giving  rise  to  rather  prompt  consensual 
reactions  of  the  iris  of  the  almost  blind  left  eye  during  both  of  these 

St.  Christopher's  Hospital,  in  Philadelphia,  for  photographing  the  second  case; 
to  Dr.  William  L.  Zuill,  one  of  the  Assistant  Surgeons  at  Wills'  Hospital,  for  the 
craniometric  measurements  of  the  second  case ;  and  to  Dr.  Frank  R.  Harrison, 
of  East  Liverpool,  Ohio,  for  securing  the  photograph  of  the  third  case. 

*  Individuals  from  two  races  have  been  purposely  used  in  the  elucidation  of 
this  phase  of  the  subject  in  order  to  obtain  exceptionally  broad  standpoints  of 
observation. 
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impulses.  The  left  iris  was  almost  immobile  to  light-stimulus  thrown 
upon  its  retina,  but  responded  feebly  to  forced  movement  for  supposed 
accommodation,  and  gave  quite  prompt  consensual  reaction  to  the  iris 
of  the  less  affected  organ.  Gross  downward  convergence  of  the  two 
eyes,  by  having  the  patient  endeavor  to  look  at  his  nose  tip,  rapidly 
brought  the  pupillary  areas  down  to  one  millimeter  each  in  size. 

In  spite  of  a  left  divergence  of  about  thirty  degrees  out  and  slightly 
down,  the  exterior  muscles  of  the  two  organs  seemed  to  enjoy  good 
movement.  An  almost  constant  lateral  nystagmus  that  increased  upon 
attempts  at  near  fixation  was  a  prominent  symptom. 

The  patient's  eye-grounds  were  characteristic  of  consecutive  atrophy, 
that  of  the  right  eye  showing  evidences  of  a  recent  optic  neuritis  of 
postocular  type. 

Although  not  hoping  for  any  permanency  of  result,  I  gave  the  patient 
the  benefit  of  therapeutically  driving  more  blood  through  the  half- 
starved  and  degenerating  neural  tissues  of  the  affected  optic  nerves. 
This  was  done  by  the  internal  administration  of  large  and  frequently 
repeated  doses  of  strychnia,  resulting  in  a  temporary  betterment.* 

The  main  disturbances  upon  the  visual  apparatus  in  this  case, 
therefore,  which  were  probably  of  twofold  character — meningitic 
and  mechanical — ^were  mainly  exerted  upon  the  optic  nerves  at  the 
optic  foramina.  Secondary  degeneration  changes  were  only  too 
certain,  as  later  proven  by  the  steady  decline  of  vision  in  spite  of 
all  constitutional  treatment  that  could  be  conscientiously  and  judi- 
ciously directed  against  any  supposed  dyscrasia. 

The  scaphocephalic  type  of  cranial  malformation  exhibits  a  boat- 
shaped  form  of  deformity  of  the  cranium,  with  an  extremely  broad 
forehead.  The  deformation  is  dependent  upon  a  premature  union 
of  the  sagittal  suture  between  the  medial  margins  of  the  parietal 
bones.  Here  the  brunt  of  the  disturbance  seems  to  exert  itself 
upon  the  median  posterior  portion  of  the  anterior  fossa,  the  limbus 
of  the  lesser  wing  of  the  sphenoid  bone,  and  the  anterior  medial 
portion  of  the  middle  fossa.  True  optic  neuritis  with  consecutive 
atrophy;  prominent,  sightless  and  divergent  eyes;  pupils  partly 
dilated,  and  irides  fixed  to  light-stimulation,  are  the  most  prominent 
eye-symptoms  in  such  cases.  Intelligence  is  but  fair,  convulsive 
seizures  are  not  infrequent,  and  a  lethal  ending  from  some  ordinarily 
innocuous  disease  is  most  frequently  an  early  event.     Rapid  and 

1  During  a  portion  of  my  studies  of  this  case  the  patient  attended  the  public 
clinic  of  my  friend,  Dr.  George  C.  Harlan,  at  the  Pennsylvania  HospitaL  Dr. 
Harlan's  findings  and  results  of  treatment  coincided  with  my  own. 
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unstable  increases  of  intracranial  pressure  from  ventricular  disturb- 
ances are  frequent,  giving  rise  to  repeated  optic  nerve- head  swell- 
ings and  retinal  extravasations. 

The  head  of  the  leptocephalic  type  is  small.  This  condition  is 
caused  by  a  too  early  union  of  the  fronto-sphenoidal  suture  between 
the  alae  of  the  frontal  and  sphenoidal  bones.  In  this  type  the  in- 
tracranial distortions,  particularly  thof  e  that  affect  the  foramina  and 
fissures  between  the  body  and  the  greater  and  lesser  wings  of  the 
sphenoid  bone,  bring  optic  nerve  atrophy  from  previous  inflamma- 
tion, and  later  palsies  of  the  exterior  ocular  muscles,  into  existence 
very  soon  after  birth. 

The  trigonocephalic  or  three-cornered  type  of  cranial  deformity, 
with  its  small  end  situated  anteriorly,  is  dependent  upon  a  prema- 
ture or  improper  ossification  of  the  frontal  and  parietal  bones  along 
the  coronal  suture,  particularly  in  the  region  of  the  bregma  or 
pterion  ;  or,  at  times,  it  may  be  due  to  a  fault  in  osseous  ankylosis 
of  the  combined  frontal  bones  along  the  metoptic  suture-line. 
Postneuritic  atrophy,  the  principal  ocular  expression  of  the  disease, 
occurring  quite  early  in  postnatal  life,  is  apt  to  appear  in  the  gross 
examples  of  the  type. 

The  rarely  seen  occipital  or  occipito-parietal  type  of  cranial 
deformity  exhibits  a  flattened  curving  of  the  posterior  portion  of 
the  cranium.  The  condition  seems  to  be  dependent  upon  either  a 
too  early  syntosis  of  the  occipital  suture,  especially  at  the  lambdal 
region,  or  an  improper  union  of  the  medial  portion  of  the  lamb- 
doidal  and  postero- inferior  part  of  the  sagittal  suture  in  the  region 
of  the  posterior  fontanelle.  Here,  in  the  superior  and  the  posterior 
parts  of  the  deepest  portion  of  the  intracranial  cavity  (in  the 
interparietal  parts  of  the  occipital  bone  above  the  grooves  for  the 
lateral  sinus),  the  osseous  tissues  are  distorted  and  flattened.  In 
certain  places  this  condition  is  so  pronounced,  that  in  some  situa- 
tions the  cerebral  fossa  are  almost  annihilated,  and  the  inmost  por- 
tion of  the  elevation  of  the  superior  longitudinal  sinus  and  falx 
cerebri  is  increased.  The  most  marked  ocular  signs  are  almost 
wholly  sensory  in  character.  Vision  in  each  eye  is  nearly  or  entirely 
lost.  The  orbits  are  shallow,  particularly  at  their  postero-mesial 
parts.  The  eyeballs  are  but  slightly  proptosed,  somewhat  enlarged, 
and  enjoy  full  freedom  of  movement.  The  motor  apparatus  of  the 
exterior  of  the  eyes,  with  the  exception  of  a  few  minor  discrepan- 
cies  of  probable   improper   nuclear  action,   is    in  good  working 
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order.  The  pupils  are  but  slightly,  if  at  all,  oversized.  The  irides 
are  prompt  to  light-stimulus,  efforts  for  accommodation,  and  con- 
vergence. The  ciliary  muscles  are  active.  The  eye-grounds,  in 
every  detail  of  neuronic,  vascular,  and  lymph  structure,  appear 
normal ;  in  fact,  the  eyeballs,  with  their  entire  adnexa,  are  healthy 
and  perform  their  functional  duties  properly. 

This  complexus  of  symptoms,  with  its  absolute  blindness  and 
concomitants  of  slight  globular  protrusion,  divergence  and  the 
rotary  nystagmus  as  the  only  ocular  signs,  constitute  a  most  remark- 
able clinical  picture.  In  it  is  seen  a  blindness,  the  proving  of  which 
necessitates  a  careful  study  of  every  possible  direct  and  indirect 
ocular  detail ;  a  blindness  that,  from  the  ocular  signs  and  associated 
conditions,  may  be  assumed  as  intracranial  in  type,  and  most 
probable,  until  autopsy  proves  to  the  contrary,  mainly  cortical  in 
character. 

The  accompanying  reproduction  of  a  photograph  (Plate  XX,  Fig. 
3)  of  a  case  recently  studied  by  me  and  described  in  full  elsewhere,* 
gives  an  excellent  idea  of  the  cranial  deformation  and  the  peculiar 
facial  appearances  and  expression  in  an  American-bom  type  of  case 
of  this  character.  In  this  child  the  optical  and  receiving  portions  of 
the  visual  apparatus  were  apparently  perfect.  No  visual  perception, 
however,  could  be  evolved  in  this  case,  no  matter  how  centrally  the 
impression  reached  (surely  in  this  case  back  to  the  midbrain). 
Cortex  sensation  was  lost ;  the  discharging  station  was  functionless.' 

The  cases  thus  far  described  exhibit  but  little,  if  any,  mental 
involvement.  The  grossest  of  the  resultant  disturbances  are  mainly 
basilar  in  character,  and  in  measure  affect  the  vasculai*  channels, 
the  lymph  cavities  and  the  coarse  nerve  fibrils  as  they  pass  through 
both  the  primary  and  the  secondary  foramina.  Trophic  ocular  dis- 
order soon  takes  place ;  ophthalmic  irritation  signs  and  palsies  early 
appear ;  sensory  changes  in  the  organs  of  vision  quickly  ensue ;  and, 
sooner  or  later,  the  main  portions  of  the  receiving,  transmitting 
and  discharging  parts  of  the  visual  apparatus  degenerate  and  become 
useless.  Should  the  main  distortions  be  situated  in  the  anterior 
and  central  portions  of  the  cranial  base,  producing  »ntero-midbrain 
disorder,  as  in  the  first  illustrative  case,  the  more  frequently  in- 

*  The  American  Journal  0/  the  Medical  Sciences^  January,  1902. 

^  It  is  probable  that  cases  of  the  badly  termed  condition  "  amaurotic  fam- 
ily idiocy,"  with  their  peculiar  lesions  in  the  fundus  of  each  eye,  have  some  such 
similar  origin. 
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volved  become  the  ocular  end  organs.  In  this  type  the  most  bizarre 
motor  ophthalmic  signs  are  commingled  in  complicated  yet  definitely 
determinate  interrelationships.  On  the  contrary,  the  further  back 
the  coarse  osseous  changes  are  found,  the  greater  become  the  sen- 
sory deficiencies  of  the  visual  apparatus  and  the  better  preserved 
remain  the  organs  of  vision  and  their  contiguous  parts. 

In  the  anterior  types  the  main  basal  cause  of  the  condition  may 
be  summed  as  a  series  of  asymmetries  of  basilar  structures,  with 
coarse  anomalies  in  the  various  portions  of  the  underlying  sphenoi- 
dal and  contiguous  bones. 

In  the  posterior  types  histological  examination  reveals  cortex  and 
nuclear  changes  in  the  posterior  part  of  the  sensory  portions  of  the 
visual  apparatus.  In  some  such  individuals  the  cellular  elements 
may  have  attained  a  good  size,  and  may  have  been  able  to  function 
most  excellently  during  early  postnatal  life.  This  can  be  under- 
stood when  it  is  realized  that  nearly  ninety  per  cent,  of  the  gross 
volume  of  the  brain  mass  is  obtained  during  the  first  stage  of  post- 
natal existence;  later,  the  association  fibres  and  the  neural  cells 
continue  to  be  the  main  factors  of  growth.  This  development,  of 
course,  exerts  its  influence  upon  the  formative  processes  taking  place 
in  the  osseous  cranium. 

In  the  majority  of  cases  of  these  types  there  is  a  true  tissue- 
sclerosis. 

In  deformation  of  the  cranium  occurring  at  a  very  early  antenatal 
stage,  the  visual  apparatus  is  more  liable  to  become  aflected  than 
any  of  the  other  special  sense  organs.  On  the  contrary,  morbific 
causes  which  aflect  the  same  apparatus  during  the  later  stages  of 
development  of  the  skull  and  its  contents  are  not  so  apt  to  affect 
the  organs  of  vision.  It  may  be  also  of  interest  to  state  that  the 
sensory  portion  of  the  visual  apparatus  being  developed  much  earlier 
than  the  motor,  and  not  possessing  so  many  separations  and  ramifi- 
cations in  midbrain,  is  better  able  to  withstand  coarse  pathological 
changes  than  the  latter.  Statistics  and  personal  observations,  how- 
ever, have  determined  that  the  great  majority  of  congenitally  blind 
subjects  possess  malformations  of  the  skull  and  its  appendicular 
elements. 

Far  different  are  the  grosser  forms  of  more  generalized  cranial 
deformation,  such  as  the  two  great  classes,  microcephales  and  ma- 
crocephales.  Coarser  disturbances  of  sensation,  grosser  peculiarities 
of  motion,  and  increased  degrees  of  trophic  condition  affect  other 
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situations  more  markedly  than  they  do  the  visual  apparatus.  Such 
cases  always  present  mental  inefficiencies  and  disturbances  from 
either  gross  organic  change  or  deficient  development  and  growth  in 
the  intracranially  placed  tissues.  Circulation  of  but  small  quanti- 
ties of  blood  and  lymph  of  poorly  nourishing  quality  through  the 
distorted  and  ofttimes  inflamed  and  even  contracted  tissues,  is  seen 
in  so  many  cases  of  this  coarse  type  of  disease,  that  it  seems  no 
wonder  that  cerebral  development  and  growth  soon  become  affected. 
Many  such  subjects  are  fortunately  early  victims  of  convulsive 
seizure,  mental  hebetude,  general  wasting  from  ectogenous  infection, 
and  death. 

The  cerebral  alterations  in  these  types  are  many.  Should  the  case 
exhibit  mental  deficiency,  the  convolutions  are  generally  gross, 
narrow  and  uncomplicated,  while  the  related  gyri  are  small  and 
badly  developed.  Fissural  confluences  may  be  present,  and  not 
infrequently  the  occipital  lobes  do  not  extend  over  the  usually  too 
large  cerebellum.  These  conditions  are  probably  also  found  in 
other  forms  of  genetous  idiocy  with  and  without  eye  lesions. 

Some  cases  of  that  rare  condition,  microcephales,  from  too  early 
ossification  of  the  cranial  sutures  with  and  without  idiocy,  may 
have  true  microphthalmus  as  a  part  of  the  products  of  the  same 
morbid  cause;  though  functioning  power,  particularly  that  for 
color-perception,  as  far  as  can  be  scientifically  determined,  may, 
even  in  minor  cases,  remain  practically  undisturbed.  As  a  rule, 
the  eyeballs  of  such  subjects  are  relatively  well  placed,  and  exterior 
ocular  muscle  action  seems  good. 

In  hydrocephales,  on  the  contrary,  there  are  frequent  disturbances 
of  muscle  action  in  and  around  the  eyeball,  particularly  during 
attempted  movements  of  coordination,  and  when  the  parts  are 
brought  into  association  with  the  related  ocular  reflexes. 

An  extremely  broad  interpupillary  distance  with  a  broadening  of 
the  zygomatic  arches  forms  one  of  the  characteristic  ophthalmic 
features  of  congenital  cretins,  whether  they  be  endemic  or  sporadic 
in  origin.  In  this  peculiar  type  of  cases  sight  is  generally  undis- 
turbed, the  sensory  part  of  the  visual  apparatus  usually  being  good- 
The  visual  organs,  however,  are  somewhat  differently  sized.  In 
such  cases  disturbances  with  the  motor  portions  of  the  visual  appa- 
ratus are  quite  common.  The  affected  individuals  are  frequently 
deficient  in  hearing  and  are  often  unable  to  enunciate.  The  size 
of  the  orbits  in  these  cases  is  unequal.     The  osseous  irregularities. 
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however,  are  greater  at  the  base  of  the  skull.  There  is  always  a 
marked  tendency  to  cranial  asymmetry,  the  most  pronounced 
abnormality  consisting  in  a  premature  ossification  of  the  spheno- 
basilar  bones.  In  these  cases  the  distance  from  the  glabellar  point 
to  the  occipital  foramen  is  said  by  some  to  be  quite  short ;  by 
others  this  shortening  is  denied.  Curiously,  such  subjects  are  said 
to  never  shed  tears.  Investigations,  however,  especially  as  to  the 
■condition  of  the  secretory  apparatus  in  these  cases,  should  be  made 
before  any  such  dogmatic  assertion  as  this  can  be  hazarded. 

It  must  be  remembered  that  this  communication  does  not  deal 
with  monstrosities  such  as  cyclocephales,  in  which  it  is  stated  there 
is  a  circumscribed  impairment  of  development  and  growth  from 
mechanical  pressure,  exerted  in  some  instances  by  the  amniotic 
hood,  an  increase  of  intracranial  pressure,  resulting  in  rupture  of 
the  early  cerebral  vesicle,  or  an  arrested  development  of  the  anterior 
vesicle  as  one  of  the  results  of  anomalies  in  the  amnion.  This 
form  of  malformation  presents  several  varieties.  The  first  type  of 
a  true  cyclopic  monstere  is  that  exhibiting  the  rhinocephalic  mal- 
formation. Such  an  individual  is  represented  by  a  head  containing 
two  more  or  less  completely  fused  rudimentary  eyes  in  a  single  orbit, 
the  nose  consisting  in  a  proboscis  situated  above  the  orbit  When 
there  is  a  complete  fusion  of  the  orbital  cavities  and  eyeballs  with- 
out  the  vestige  of  a  nose  or  a  proboscis,  the  variety  receives  the 
designative  term  of  cyclocephalus.  Should  the  lower  part  of  the 
face  be  additionally  affected  and  the  integument  overlying  the  im- 
perfectly developed  superior  and  inferior  maxillary  bones  hang  in 
folds,  the  condition  is  known  as  stomacephalus.^ 

The  artificial  deformation  of  the  skull  of  the  infant  in  all  manner 
of  fantastical  ways,  which  has  been  practiced  by  many  tribes 
throughout  the  world  before  even  the  time  of  Hippocrates,  is  inter- 
esting in  the  fact  that  although  of  necessity  the  three  great  portions 
of  the  combined  visual  apparatus — the  receiving,  the  transmitting 
and  the  discharging — must  in  every  instance  have  been  more  or  less 
pressed  upon  and  distorted,  yet  probably  by  reason  of  the  distortion 

'  These  type-forms  do  not  strictly  include  the  nose-headed  or  ethmocephalic 
form  of  monster,  in  which  there  are  two  eyes  and  two  orbital  cavities,  the  nose 
being  represented  by  a  proboscis  that  is  provided  with  either  one  or  two  nostrils. 
Neither  do  they  include  the  monkey-headed  or  cebocephalic  variety,  in  which 
there  are  two  orbital  cavities  and  two  eyeballs,  but  not  any  nose,  the  intra- 
ocular region  being  both  narrow  and  flat. 


174  KRAEMER — CONTINUITY   OF   PROTOPLASM.  [April  4. 

having  been  gradually  accomplished  after  birth,  gross  bulbar  dis- 
turbance, blindness,  faulty  muscle  action,  and  coarse  atrophic  dis- 
order have  not  been  produced,  and  hence  remain  unmentioned  as 
ordinary  consequences  in  such  cases. 

Blindness  from  deprivation  (postnatal  causes),  as  in  the  wide- 
world  known  case  of  Laura  Bridgman,  which  on  autopsy  was  found 
to  be  associated  with  optic  nerve  and  optic  tract  atrophy  and  thin- 
ning of  the  gray  matter  of  the  occipital  cortex,  is  also  a  subject  for 
discussion  elsewhere. 


ON  THE  CONTINUITY  OF  PROTOPLASM. 

BY   HENRY   KRAEMER,    PH.D. 
(Plates  XXI  and  XXH.) 
{Read  April 4, 1902,) 

While  Schleiden*  conceived  each  cell  to  have  an  independent 
existence,  Hofmeister*  contended  that  the  protoplasts  of  contigu- 
ous cells  are  united,  forming  a  higher  unity ;  that  is,  one  synplast. 
In  later  years  both  Sachs  *  and  Strasburger  *  have  supported  the  view 
of  Hofmeister.  And  even  so  great  an  authority  as  Nageli  *  ex- 
pressed the  view  that  neighboring  plant  cells  are  united  by  means 
of  threads  of  protoplasm  in  much  the  same  manner  as  in  the  sieve 
tubes  first  described  by  Hartig  *  some  thirty  years  before. 

In  1878  Thuret  and  Bornet'  first  called  attention  to  the  fact  that 
in  certain  of  the  Florideae  the  contents  of  certain  of  the  cells  of 
the  trichophore  and  carpogonium  are  directly  connected  by  means 
of  pores.  Fromann  •  appears  first  to  have  called  attention  to  the 
direct  connection  of  protoplasm  in  the  higher  plants,  in  the  epider- 
mal and  parenchyma  cells  in  the  leaves  of  Rhododendron  and  Dra- 
cena.  While  Tangl  •  was  preceded  by  these  several  investigators, 
the  establishment  of  the  view  that  there  is  a  continuity  of  proto- 
plasm is  due  for  the  most  part  to  his  researches.  On  treating  dry 
sections  of  the  endosperm  of  Strychnos  Nux  vomica  with  dilute 
iodine  solutions,  he  observed  a  distinct  lamellation  of  the  cell  wall 
as  well  as  the  formation  of  yellowish  striae,  which  latter  he  con- 
ceived to  be  plasma  threads  connecting  the  different  cells.  The 
appearance  thus  produced  he  compares  to  the  structure  of  the  sieve 
tubes,  but  in  speaking  of  the  contents  of  the  latter,  he  states  that 
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they  can  hardly  be  considered  to  be  in  the  nature  of  protoplasm, 
and  substantiates  this  statement  by  quoting  from  De  Bary  and 
Sachs. 

A  few  years  later  Gardiner/*  while  working  in  the  laboratory  of 
Sachs  on  certain  sensitive  plants,  observed  by  the  use  of  sulphuric 
acid  or  chlor-zinc-iodide  and  Hofmann's  blue  or  methylene  blue, 
colored  striae  in  the  walls  of  certain  of  the  cells,  which  he  consid- 
ered to  be  in  the  nature  of  threads  of  protoplasm.  A  number  of 
other  workers  have  also  considered  this  subject,  using  a  similar 
technique  to  that  of  Gardiner,  confirming  his  observations  and 
extending  the  number  of  species  showing  a  continuity  of  proto- 
plasm. 

The  results  obtained  by  these  investigators  tend  to  show  that 
there  are  two  kinds  of  continuity  of  protoplasm,  one  through  open- 
ings in  the  pores  which  apparently  occur  in  the  larger  number  of 
cases,  and  another  in  which  the  threads  of  protoplasm  extend 
through  walls  in  which  there  are  no  pores.  Several  investigators  " 
even  go  so  far  as  to  express  the  view  that  probably  every  cell  is 
connected  with  its  neighboring  cells  by  protoplasmic  threads. 

That  there  is  a  continuity  of  protoplasm  has  become  almost  a 
fundamental  principle  in  botany,  it  being  considered  necessary  in 
the  transmission  of  irritation  currents  and  in  the  distribution  of 
protoplasm  and  such  bodies  as  starch  grains  and  oil  globules,  intact 
and  quickly  from  cell  to  cell. 

While  fully  cognizant  of  the  plausible  arguments  which  have 
been  advanced  in  favor  of  the  continuity  of  protoplasm,  and,  fur- 
thermore, not  desiring  to  consider  the  subject  theoretically,  by  the 
discussion  of  certain  facts  in  regard  to  solution,  osmosis,  the  ascent 
of  sap,  and  other  physical  phenomena  that  might  more  favorably 
assist  the  plant  in  its  various  functions  than  a  protoplasmic  connec- 
tion between  the  cells,  the  author  presents  herewith  some  of  the 
results  of  his  studies  on  the  structure  of  the  starch  grain  and  cell 
wall,  in  the  belief  that  they  will  throw  some  additional  light  on  the 
subject  under  consideration. 

Suffice  it  to  say  that  these  results  seem  to  offer  a  different  expla- 
nation for  the  phenomena  observed  by  the  investigators  already 
mentioned,  in  their  studies  on  the  continuity  of  protoplasm.  In 
other  words,  the  appearances  described  by  these  authors  as  indicat- 
ing a  continuity  of  protoplasm  are  due  to  a  peculiarity  in  the 
structure  of  the  cell  wall,  which  is  made  manifest  by  the  reagents 
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employed  and  which  bears  an  analogy  to  the  structure  of  the 
starch  grain. 

In  the  author's  studies  on  the  starch  grain,  the  following  obser- 
vations have  been  made : 

(i)  The  illustrations  of  potato  starch  in  the  various  text-books 
show  two  kinds  of  grains,  one  with  the  point  of  growth  and  the 
alternate  lamellae  light  in  color,  as  figured  by  Sachs  (Plate  XXI,  Fig. 
i),  and  the  other  with  the  point  of  growth  and  alternate  lamellae 
dark,  as  figured  by  Strasburger  (Fig.  2).  This  appearance,  how- 
ever, is  not  due  to  a  difference  in  the  grains,  but  is  brought  about 
by  the  manner  of  focusing  on  them.  In  the  figure  given  by  Stras- 
burger the  lamellae  are  viewed  from  above,  while  in  the  figure  of 
Sachs  the  view  is  from  below. 

(2)  On  treating  the  starch  grain  with  water  at  different  tempera- 
tures and  a  number  of  reagents,*  a  radiating  crystal-like  structure 
is  observed  in  the  successive  layers  (Fig.  5).  This  crystalline 
structure  appears  to  be  most  pronounced  in  the  layers  alternating 
with  the  point  of  growth,  and  is  succeeded  by  the  formation  of  a 
number  of  clefts  or  fissures  (Figs.  6  and  7).  In  potato  starch  these 
clefts  are  more  or  less  feather-like  in  appearance,  and  extend  from 
the  point  of  growth  through  the  middle  of  the 'successive  layers  to 
the  periphery  of  the  grain.  In  wheat  starch  the  fissures  extend 
radially  from  near  the  point  of  growth  to  near  the  periphery. 

(3)  On  treating  starch  grains  with  weak  aqueous  solutions  of 
various  aniline  dyes,  as  gentian  viole.t,  eosin  and  safranin,  it  is 
observed  that  the  layers  which  are  less  crystalline  or  colloidal  in 
character  take  up  the  stains  (Figs.  3,  4  and  7).  The  various  clefts 
and  fissures  produced  in  the  grains  behave  toward  staining  reagents 
much  like  the  colloidal  layers,  and  they  are  probably  the  tracts  or 
channels  through  which  liquids  are  distributed  throughout  the 
grain. 

(4)  We  further  find  that  these  two  kinds  of  layers  behave  differ- 

♦The  reagents  used  were  the  following:  (i)  Chromic  acid  solution  (5  to  15 
per  cent.);  (2)  Calcium  nitrate  solution  (5  to  30  per  cent);  (3)  Potassium  hy- 
drate solution  (one-tenth  of  I  per  cent.);  (4)  Sulphuric  acid  (10  per  cent.);  (5) 
Silver  nitrate  solution  (2  per  cent.);  (6)  Sodium  acetate  solution  (50  per  cent.); 
(7)  Potassium  nitrate  solution  (saturated);  (8)  Potassium  phosphate  solution 
(saturated);  (9)  Hydrochloric  acid  (5  per  cent.);  (10)  Potassium  iodide  solu- 
tion (I  to  10  per  cent.);  (ii)  Tannic  acid  solution  (5  to  1$  per  cent);  (12) 
Saliva ;  (13)  Taka-diastase  (saturated  solution) ;  ( 14)  Chlor-zinc-iodide  solution ; 
(15)  Chloral  iodine  solution  and  iodine  water,  equal  parts. 
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ently  toward  iodine;  the  one  rich  in  cryslalloidal  substance 
becomes  blue  with  iodine,  whereas  the  other  is  not  affected  by  this 
reagent. 

In  the  studies  of  the  author  on  the  structure  of  the  cell  wall,  the 
following  observations  tending  to  show  an  analogy  to  the  starch 
grain  have  been  made : 

(i)  A  similar  layering  of  the  cell  wall,  known  as  stratification 
and  striation,  is  readily  observable  in  the  walls  of  endosperm  celb 
as  well  as  those  cells  impregnated  more  or  less  with  mucilage, 
lignin,  cutin,  suberin  and  allied  substances.  In  some  cases  the  use 
of  reagents,  as  acids  and  alkalies,  may  be  necessary  to  bring  out 
this  structure  (Fig.  8).  While  it  is  not  always  easy  to  determine 
the  nature  of  the  successive  layers  in  the  wall,  still  the  structure 
seems  to  correspond  in  the  main  to  that  of  the  starch  grain,  the 
middle  lamella  of  the  cell  corresponding  to  the  point  of  growth. 

(2)  The  same  kind  of  reagents,  but  in  stronger  solutions,  may 
be  used  to  bring  out  the  crystalline  or  spherite  structure  in  the  walls 
of  thickened  parenchyma  cells,  as  endosperm  (Plate  XXII,  Figs.  9 
and  13),  or  lignified  cells,  as  stone  cells.  In  cases  where  the  cell 
wall  has  been  metamorphosed  into  mucilage,  simple  treatment  with 
water,  as  has  also  been  shown  to  be  the  case  with  the  starch  grain, 
is  sufficient  to  bring  out  this  structure. 

(3)  The  differentiation  of  the  layers  of  the  cell  wall  by  the  use 
of  aniline  stains,*  has  not  as  yet  been  attended  with  any  marked 
degree  of  success.  The  use  of  swelling  reagents,  as  sulphuric 
acid,  in  conjunction  with  a  stain,  has,  however,  produced  more  or 
less  interrupted  striae  resembling  the  clefts  and  fissures  in  the  starch 

*  The  methods  inTolving  the  use  of  aniline  stains  in  the  study  of  the  cell 
wall  are  the  same  as  those  used  in  the  study  of  the  continuity  of  protoplasm,  and 
embody  the  three  operations  of  fixing,  swelling  and  staining,  between  each  of 
which  operations  the  sections  are  washed  quickly  and  with  large  quantities  of 
water.  Fixing  is  usually  accomplished  by  the  use  of  aqueous  iodine  solutions 
(.5  per  cent,  of  iodine  and  .5  to  I  per  cent,  of  potassium  iodide);  alcohol,  osmic 
and  picric  acids  may  also  be  employed.  The  swelling  of  the  specimens  is  effected 
by  the  use  of  dilute  sulphuric  acid  (25  to  75  per  cent),  iodine  being  sometimes 
added  to  the  sulphuric  acid  solution ;  chlor-zinc-iodide  and  solutions  of  the  alka- 
lies are  also  employed  for  this  purpose.  The  stains  mostly  employed  are  5  per 
cent,  aqueous  solutions  of  gentian  violet,  eosin  or  ssJranin,  these  being  used  in 
connection  with  the  swelling  agents  mentioned  above.  The  time  required  for 
each  operation  is  usually  from  five  to  ten  minutes,  but  when  chloi*xinc-iodide  is 
used  twelve  hours  may  be  required  for  the  swelling. 
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grain.  In  the  case  of  Nux  vomica,  solutions  of  potassium  iodide 
and  iodine  produce  yellowish-brown  striae  in  fresh  sections  (Fig. 
i3)>  closely  resembling  in  form  those  produced  by  aniline  stains 
(Fig.  14),  and  which  were  considered  by  Tangl  as  being  protoplas- 
mic threads,  but  which  are  probably  due  to  the  precipitation  of  an 
alkaloidal  salt  in  the  clefts  or  fissures  in  the  wall.* 

(4)  The  two  kinds  of  layers  behave  differently  toward  chlor- 
zinc-iodide ;  the  one  next  to  the  middle  lamella  and  those  alter- 
nating with  it  are  colored  blue,  while  the  others  are  but  slightly 
affected. 

The  observations  and  comparisons  herewith  presented  lead  to 
the  following  interpretations : 

(i)  The  starch  grain,  as  also  the  cell  wall,  is  made  up  of  alter- 
nate lamellae  of  colloidal  and  crystalloidal  substances. 

(2)  Physically,  the  structure  of  the  starch  grain  and  cell  wall  are 
quite  similar,  although  chemically  different ;  the  preponderating 
substance  in  the  starch  grain  being  granulose,  while  in  the  cell  wall 
the  fundamental  substance  is  cellulose,  which  may  preponderate  or 
exist  in  varying  proportions. 

(3)  The  crystalloidal  layer  in  the  starch  grain,  consisting  chiefly 
of  granulose,  is  colored  blue  with  iodine  or  chlor- zinc-iodide, 
whereas  in  the  cell  wall  this  layer,  consisting  chiefly  of  cellulose, 
is  colored  blue  only  with  chlor-zinc-iodide. 

{4)  The  colloidal  layers  in  both  the  starch  grain  and  cell  wall 
take  up  and  hold  various  aniline  dyes,  the  layers  being,  however, 
more  clearly  defined  in  the  starch  grain,  particularly  potato  starch. 

(5)  In  starch  grains  as  in  cell  walls,  there  are  radial  clefts  or 
colloidal  areas  which  under  certain  conditions  also  take  up  and 
hold  various  aniline  stains. 

(6)  The  plastid  at  the  periphery  of  the  starch  grain  may  be 
compared  to  the  protoplasm  of  the  plant  cell,  each  contributing  to 
the  growth  of  successive  new  layers.  In  the  cell  wall  the  mode  of 
growth  is  centripetal,  whereas  in  the  starch  grain  it  is  centrifugal. 

The  peculiar  bi-convex  arrangement  of  the  groups  of  striae  be- 
tween contiguous  cells  in  the  Nux  vomica  and  vegetable  ivory  is 
rather  suggestive  of  fundamental  lines  of  development  corresponding 
to  chromatin  threads,  although  they  may  be  modifications  of  the  wall 

*  This  may  explain  why  the  iodine  method  alone  has  not  met  with  any  success 
save  in  the  case  of  fresh  sections  of  Nux  vomica. 
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and  represent  tracts  or  channels  through  which  liquids  are  distributed 
from  cell  to  cell. 

Furthermore,  attention  should  be  directed  to  the  fact  that  the 
preparations  of  both  the  starch  grain  and  cell  wall  showing  the 
colored  lamellae  and  striae,  as  already  described,  are  permanent  only 
in  Canada  balsam  and  are  ephemeral  in  glycerin  or  glycerin  jelly. 

Finally,  it  may  be  stated  that  all  authors  since  the  appearance  of 
Gardiner's  work  *  have  fallen  into  the  error  of  supposing  that  a 
certain  aniline  dye  could  be  regarded  as  a  differential  stain  for  pro- 
toplasm, whereas  the  fact  of  the  matter  is  that  many  colloidal  car- 
bohydrates, as  mucilage  and  pectin,  and  oils  and  other  substances 
as  well,  take  up  these  stains.  And  in  this  connection  we  may  ask. 
If  the  substance  in  the  cell  wall  which  takes  up  the  stain  is  proto- 
plasm, what  is  it  in  the  starch  grain? 
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Explanation  of  Plates. 

Plate  XXI. 

Fig.  I.     Potato  starch  grain  with  point  of  growth  and  alternate  lamellae  light  in 
color. 

♦  Gardiner  states  that ««  All  experiments  made  with  the  view  of  attempting  to 
detect  the  presence  of  protoplasmic  filaments  in  the  cell  wall  when  the  cell  was 
normal  and  intact  met  with  but  little  success,  so  that  in  investigating  the  subject 
of  protoplasmic  continuity  the  method  of  swelling  the  cell  wall  and  subsequently 
staining  with  a  dye  which  was  found  to  especially  stain  the  protoplasm  was 
adopted." 
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Fig.  2.     Potato  s' arch  grain  with  point  of  growth  and  alternate  lamellae  dark. 
Fig.  3.     P(  tato  starch  grain  treated  with  aqueous  solution  of  gentian  violet. 
Fig.  4.    Potato  starch  grain  treated  with  gentian  violet  and  showing  crystalloidal 

structure  in  alternate  lamellae. 
Fig.  5.     Wheat  starch  grain  treated  with  water  at  60O  C.»  or  with  chromic  acid 

and  other  reagents  (see  footnote  *). 
Fig.  6.     Wheat  starch  grain  treated  with  water  at  a  temperature  of  65O  C.,  or 

with  the  reagents  mentioned  in  footnote  *,  but  for  a  longer  time. 
Fig.  7.     Wheat  starch  grain  treated  with  aqueous  safranin  solution. 
Fig.  8.     Cells  of  the  endosperm  of  Date  seed  {Phanix  daciyiifera),  the  one 

normal  and  the  other  showing  the  stratification  of  the  wall  after  treatment 

with  chlor- zinc-iodide. 

Platb  XXII. 

Fig.  9.  Cell  of  vegetable  ivory  ( Phytelephas  macrocarpd)^  showing  lamellation 
and  crystalline  structure  in  the  wall  after  treatment  with  chlor-zinc-iodidcr 
clove  oil,  chromic  acid  or  other  reagents. 

Fig.  10.    Pore  of  vegetable  ivory  showing  cleft  in  middle  hunelhu 

Figs.  II  and  12.  Pores  of  veget&ble  ivory  showing  strise  between  neighboring 
cells  after  treatment  with  sulphuric  acid  and  gentian  violet. 

Fig.  13.  Cells  of  endosperm  of  the  seed  of  Strychnos  Nux  vomica  alter  treat- 
ment with  iodine  solution. 

Fig.  14.  Cell  of  endosperm  of  seed  of  Nux  vomica  treated  with  sulphuiic  acid 
and  gentian  violet. 
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In  any  heat  conduction  problem  we  have  ordinarily  three  sets  of 
equations,  the  general  differential  equation,  the  initial  conditions, 
and  the  surface  conditions.  For  the  general  purposes  of  this 
paper  by  taking  the  medium  infinite  we  can  get  rid  of  the  surface 
conditions  without  limiting  the  generality  of  the  methods.  Suppose 
we  wish  to  study  the  case  of  a  body  of  any  shape  or  size  maintained 
at  any  temperature  in  an  infinite  homogeneous  a>edium  of  the  same 
material  as  the  body  itself  but  initially  at  a  uniform  low  tempera- 
ture (which  for  convenience  we  take  as  the  zero  of  temperature), 
or  of  the  same  body  at  a  given  initial  temperature  put  into  the 
medium  and  left  to  cool,  we  could  find  their  solutions  by  an 
ordinary  summation  if  we  knew  those  for  the  corresponding  prob- 
lems in  the  case  of  an  infinitesimally  small  particle.  We  might 
begin  by  assuming  as  Kelvin  does  {Math,  and  Phys,  Papers^  Vol. 
ii,  p.  44),  the  solution  for  the  case  of  a  quantity  of  heat,  Q^  sud- 
denly generated  at  a  point  r  =  0  at  time  /  =  0 ;  but  it  will  be 
better  to  see  if  it  can  be  derived. 

We  have  here  to  deal  with  the  case  of  a  symmetrical  distribution 
of  temperature  about  a  point.  The  form  of  the  general  differential 
equation  for  this  case  is 

where  k  =  7.^,  J^  being  the  specific  conductivity,  C  the  specific 

heat,  and  D  the  density  of  the  medium.  This  equation  can  be 
put  in  the  more  symmetrical  form 

1  djVr)  ^  dHrr)    (2) 

/i       di'~   ~~       dr- 

This  is  of  exactly  the  same  form  as  that  for  the  case  of  the 
**  linear  flow  of  heat  *'  of  Fourier,  that  is,  of  flow  in  one  dimen- 
sion only,  namely, 

j_  a  F  _  d^v (3) 

The  distribution  of  Vr  with  reference  to  r  for  the  case  of  sym- 
metry about  a  point  is  the  same  as  the  distribution  of  y  with 
reference  to  x  for  the  case  of  symmetry  about  an  infinite  plane 
perpendicular  to  the  axis  of  x.  This  fact  will  be  of  assistance  in 
obtaining  and  translating  results.     The  ordinary  way  of  treating 
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any  problem  of  spherical  symmetry  is  to  get  the  simplest  kind  of  a 
solution  of  (1)  or  (2)  and  build  up  from  that  solution  to  the 
required  one.  There  is  of  course  an  infinite  number  of  solutions 
of  these  equations  and  a  great  many  simple  ones,  but  we  can  at 

once  find  one  by  trying  Vr=  e  .     This  gives  P  =  ka^,  and 

hence    Vr  =^  e     e  Changing  a  to   ia  we   get   Vr  =  e 

(cos  ar  -f  /sin  ar),  and  so  a  solution  is 

—ka^i 

Vr=^e  cos  ar, (4) 

where  a  is  any  constant.  This  equation  represents  a  periodic  dis- 
tribution of  Vr  along  a  radius  vector  dying  out  with  the  time ;  lor 
the  case  of  the  infinite  plane  this  would  be  actually  the  curve  of 
distribution  of  temperature  along  x.  It  is  seen  that  the  values  of 
Fin  (4)  possess  maxima  and  minima;  the  temperatures  are  zero  at 

distances  given  by  r  =  (2;i  +  1)  -^  at  all  times.  There  is  a  hot 
central  sphere  of  radius -g-,  surrounded  by  alternate  hot  and  cold 
shells  of  common  thickness  --,  the  maximum  numerical  tempera- 
ture in  each  falling  as  we  go  away  from  the  centre.  Calling  the 
thickness  of  the  shells  dy  we  have  a  =  - ;  so  that  the  constant  a  is 

inversely  proportional  to  the  thickness  of  the  shells  and  deter- 
mines it.  The  central  point  begins  by  being,  and  remains, 
infinitely  hot;  the  hot  and  cold  layers  conduct  heat  to  each  other 
and  gradually  die  down  in  temperature.  At  a  great  distance  from 
the  origin  we  should  have  practically  the  case  of  a  medium  made 
up  of  alternate  hot  and  cold  infinite  plates  of  the  same  numerical 
temperature  and  the  same  thickness  left  to  cool ;  and  such  a  prob- 
lem could  be  treated  from  a  consideration  of  (4). 

This  case  is  far  from  the  problem  we  started  out  to  discuss.  We 
can,  however,  get  new  solutions  from  the  simple  one  above,  and 
the  common  method  is  now  to  say  that  the  following  is  a  solution 
of  (2), 

■ka?t 

=  i    e  cosarda, (5) 


"'-S 


and  then  translate  this  equation  as  we  have  just  translated  (4)  ;  but 
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instead  of  doing  so  we  ought  rather  to  be  able  to  say  that  this  opera- 
tion means  such  and  such  and  foretell  the  distribution  of  tempera- 
ture it  will  give.  This  illustrates  what  was  meant  above  when 
saying  that  we  ought  if  possible  to  give  the  physical  interpretations 
of  mathematical  processes.  What  is  the  meaning  of  the  operation 
involved  in  (5)?  Perhaps  some  light  can  be  had  on  it  from  the 
following  consideration :  We  are  to  take  a  series  of  distributions 
of  temperature  like  that  given  by  (4)  and  described  above,  where 
the  constant  a  (determining  the  thickness  of  the  shells)  has  the 

successive  values,  0,  da^  2da, a,  and  superpose  them  on  the 

medium  after  first  reducing  every  temperature  by  multiplying  it  by 
da.  We  are  then  to  take  da  indefinitely  smaller  and  smaller,  and 
finally  to  make  a  indefinitely  greater  and  greater.  We  have  thus 
the  difficulty  of  a  double  limit  entering,  and  if  we  wish  to  seek  the 
initial  condition  it  becomes  a  triple  limit.  This  is  sufficient  to 
prevent  any  rash  prediction  in  this  problem  as  to  the  exact  nature 
of  the  solution  to  be  obtained  \  and  this  case  serves  as  an  excellent 
example  of  the  difficulties  to  be  overcome  in  any  such  efforts  at 
physical  interpretation.  Before  the  limit  is  reached  the  state  of 
temperatures  is  given  by 

Fr=da\  I  +  f  cos  rda  +  e  cos  2r//a  +  etc.    I . 

The  limiting  value  of  this  series,  which  is  equation  (5),  is  not  very 
evident  without  considerable  study,  but  on  account  of  the  dying- 
out  factor  in  each  term  the  series  is  convergent,  and  the  more 
rapidly  convergent  the  greater  the  value  of  /,  and  its  value  could 
be  found  for  any  given  /  and  da.  Another  way  of  finding  this 
value  at  any  time  and  distance  required  is  to  take  an  axis  along 

which  a*s  are  measured  and  draw  the  logarithmic  curve  e  and 

the  curve  cos  ra^  then  form  the  curve  whose  ordinate  at  each 
point  is  the  product  of  the  ordinates  of  these  two  curves  at  the 
point,  and  the  area  between  this  new  curve  and  the  axis  gives  the 
numerical  value  of  Vr,  Since  this  area  is  formed  of  pieces  alter- 
nately above  and  below  the  axis  of  a  and  of  decreasing  numerical 
value,  we  see  that  Vr  is  always  of  the  same  sign  and  that,  for  any 
finite  value  of  r,  it  begins  by  increasing  in  value  and  finally  falls 
off  to  zero,  and  by  inference  that  it  is  zero  at  time  /  =  0 ;  but 
that  at  the  origin  it  has  initially  a  value  greater  than  zero.     The 
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operation  (5)  therefore  promises  at  least  another  simple  solution 
and  one  much  nearer  the  desired  one.     Noting  that 


e        cos  ar  //a  =  2  J  e        cos  ar  da^  and  that 

~»  0 

+  »  +00 

e        sin  tfr  da  =  0,  we  get  \    c                da  = 


and  (5)  becomes 

Vr^-^e    4*^ (6) 

where  A  is  an  arbitrary  constant.  This  equation  says  that  Vr  is 
initially  indeterminate  (evidently  infinite,  from  physical  considera- 
tions) at  the  centre  and  zero  elsewhere ;  as  time  goes  on  the  value 
of  Vr  falls  off  indefinitely  at  the  centre,  rises  to  a  maximum  at  all 
other  points  and  then  falls  off  indefinitely  also.  Now  these  are 
exactly  the  conditions  we  want  for  V  itself  for  the  case  0/  an 
infinitely  hot  point  cooling  in  an  infinite  medium  initially  of  zero 
temperature.  If  we  had  been  studying  (3)  we  would  have  found 
the  same  equation  as  (6),  with  x  for  r  and  V  for  Vr,  for  an  infinitely 
hot  plane  cooling  in  a  medium  initially  zero.  The  form  of  the 
curves  for  Frgiven  by  (6)  is  exhibited  on  Plates  XXIII  and  XXIV  ; 
with  values  of  r  as  abscissae  curves  A^  to  A*  are  for  values  of  the 

time  r^g^.  g%.  Tr  ^"d  99,  respectively ;  with  values  of  ikt  as  abscissae 

curves  B^  to  B^  are  for  values  of  the  distance  0,  J,  i,  |  and  1 
respectively. 

We  have  taken  the  form  (2)  of  the  differential  equation  in 
preference  to  (1)  on  account  of  its  symmetry  and  because  we  are 
solving  the  case  of  the  infinite  plane  at  the  same  time;  but  it 
possesses  another  important  advantage.  Since  either  form  of  the 
equation  is  a  linear  partial  one  we  can  add  any  number  of  solutions 
for  a  new  solution  ;  the  question  arises,  therefore,  whether  F  being 

a  solution  -^  and  J   Vdr  are  solutions,  and  what  are  their  physical 
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meanings.     Without  thinking  of  the  special  form  of  the  differential 

dV 
equation,  we  can  find  the  meaning  of  ^  as  follows :  Let  a  solution, 

F,  be/(r,/);  then  another,  Fj,  is—/{r,f),  where  Jr  is  a  small 

constant;  and  another,  ^,  is t-ZC^'jO-  Superpose  on  the  medium 

these  two  states  of  temperature,  F,  and  F^  after  first  displacing  F, 
bodily  to  the  positive  side  of  the  origin  by  an  amount  Jr.  When 
Jr  is  indefinitely  decreased  the  limiting  state  of  temperature  is  that 

represented  by  -^,  or  ^^^ .     That  is,  -^  represents  a  heating  due 

to  a  kind  of  doublet.     We  must  next  find  out  whether  such  a  state 

of  temperature  as  that  represented  by-^  is  a  solution  of  (1).    We 

dV 

saw  that  ^  was  a  limiting  case,  and  hence  it  is  not  a  solution  in 

the  limit  (except  by  some  unusual  accident)  unless  it  is  so  just 
before  the  limit  is  reached.  While  Jr  is  still  finite,  but  as  small  as 
we  please,  the  superposed  heatings  do  not  satisfy  the  same  differen- 
tial equation ;  for  Fj  satisfies   the  equation  -r  ^J    =  —  -^^   -f 

-~2-^,  while  Ft  satisfies  the  equation  t-  ^    ^^  ^  =  ^-^  ^    ^^ h 

•^  r^  ^    ,  and  on  account  of  the  variable  coefficient  these  are  not 

the  same  equation.    Hence  -j-  is  not  a  solution  of  (1),  and  is  only  a 

solution  of  an  equation  in  Fwhen  that  equation  has  constant  coeffi- 
cients, that  is,  coefficients  not  containing  r.    Equation  (2)  is  of  that 

kind,  and  hence  knowing  a  solution  of  it,  Fr,  we  can  say  that  -y^' 

is  also  a  solution.     Call  this  new  solution  Fir,  then  ^  is  a  solution 

of  ( 1 ) .    Since     -      =  y-t  r  -x-,  and  since \ — -  is  a  solution  of 

V         dV 

(1),   we  have  — |-  -^—  a  solution  of  (1) ;  this  is  what  we  have  just 

dV 

called  Fi.     Now    F  satisfies  (1),  but  we  have  just  seen  that  -^ 

y 
does  not,  and  it  can  easily  be  seen  that  -does  not  in  general;  so  we 

have  the  interesting  fact  that  the  solution  Fi  is  the  sum  of  two  func- 
tions of  F  (itself  a  solution)  neither  of  which  is  a  solution.  We 
can  at  least  give  a  physical  interpretation  to  the  method  of  finding 


1902]     MACKENZIE— EQUATIONS  OF   HEAT   PROPAGATION.        187 

a  solution  of  (1)  represented  by  the  mathematical  operation  7—^—* 

where  Vr  is  a  solution  of  (2)  and  V  itself  a  solution  of  (1);  we 
have  but  to  add  to  the  doublet  of  this  V  as  defined  above  a  heating 
at  each  point  r,  which  is  V  divided  by  the  value  of  r  at  the 
point. 

The  meaning  of  (V dr,  where  F  is  a  solution  of  the  differential 
equation,  is  now  plain.  It  simply  means  finding  a  new  function  of 
r  and  /,  F*,  whose  doublet  is  the  solution  V.  That  is,  -^  =  F,  and 
V^  =    (V dr.     This  is  subject  to  the  same  limitations  as  before, 

that  the  differential  equation  for  Fmust  have  its  coefficients  inde- 
pendent of  r,  in  order  that  F'  may  be  a  solution  of  the  equation. 

Similarly  for  equation  (2) ;  we  have  a  solution,  Fr,  to  find  the 
meaning  of  the  new  solution,  FV,  which  we  get  on  performing 

the  integration  J  Vrdr,     Since  -  ^  ^p  =  Fr,  or ^7~^  =  ^»  ^^ 

are  but  finding  the  distribution  of  temperature,  F*,  whose  doublet 

added  to  the  heating  —  gives     the  distribution  of   temperature, 

F,  which  we  started  with. 

We  thus  see  that  (2)  has  the  great  advantage  over  (1)  that  when 
we  find  a  solution  of  the  former  we  can  differentiate  and  integrate 
it  with  regard  to  r  for  new  solutions,  but  we  cannot  do  so  with  the 
latter. 

dV  r 

The  meaning  of  -^~  and  of  J  Vdt  as  solutions  of  (1)  are  of  the 

same  general  nature  as  the  similar  expressions  with  r,  and  are  quite 

evident ;  we  now  superpose  one  heating,  -^  /(^,/)  on  another, 

—  -  /ir,/),  after  a  small  interval  of   time  J/,  which  we  make 

smaller  and  smaller  indefinitely.    We  might  call  this  a  time  doublet 

dV         c 
and  the  former  a  space  doublet.     Both  -^  and  J  Vdt  are  solutions 

of  (1)  because  the  coefficients  do  not  contain  /.  The  same  remarks 
apply  to  (2)  as  regards  Fr,  with  the  explanations  of  the  former 
paragraph  added.  Here  equation  (2)  possesses  no  advantage 
over  (1). 

The  meaning  of  a  Fourier's  integral  may  now  be  given.  A 
solution  of  (3)  for  the  flow  of  heat  in  one  dimension  is  evidently 
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V=e         cos  /5(a — x),   where  a  and  fi  are  arbitrary   constants, 

for  it  is  made  up  of  F=  Ae  cos  ox  and  V=  Be  sin  ax, 

both  of  which  are  solutions  of  (3)  as  shown  above.  This  equation 
•denotes  a  distribution  of  temperatures  which  has  maxima  and 
minima  values,  the  latter  being  at  certain  fixed  points  given  by  the 

•equation  jc  =  a  —  (2«  +  1)  -q^.    In  general  it  is  very  similar  to 

the  distribution  represented  by  (4)  already  studied.  F,  =  V  ^{a) 
is  also  a  solution,  where  the  temperatures  are  as  before  except  that 
they  are  increased  by  multiplying  every  one  by  f  (a),  an  arbitrary 
constant  function  of  a.  Another  solution  is  got,  as  described 
before,  by  superposing  all  the  heatings  formed  on  reducing  the 
temperatures  in  V^  by  multiplying  each  by  the  very  small  quantity 
da,  and  giving  a  all  values  from  —  oo  to  +  oo,  and  then  taking  the 
limiting  case  where  da  tends  to  zero.     Call  this  new  solution  V^ ; 

r      —kaU 

then  K|  —  J  e         cos  fi(a^x)^(^a)da.    Repeat  this  last  operation 

—00 

with  regard  to  fi;  that  is,  take  the  distribution  of  temperatures 
represented  by  Vt  and  reduce  the  numerical  value  of  each  by 
multiplying  by  d^,  then  superpose  all  such  heatings  formed  by 
giving  fi  every  value  from  0  to  oo,  and  finally  take  the  limiting  case 
where    dfi    tends    to    zero.     Call    this    new    solution     F^;    then 

F,  =:  J    //^  J      c         COS  fi(a — x)^{a)da.     Still  another  solution 

0  — oo 

is  got  by  reducing  every  temperature  in  V^  in  the  ratio  of  r  to  1. 

00  4-00 

Call  this  solution  F^;  then  ^=:- J    d^  J    c        cos  fi(a—x)^(^a)da; 

^      0  — OD 

it  has  the  special  importance  and  peculiarity,  as  was  first  shown  by 
Fourier,  that  at  time  zero  the  distribution  of  temperature  it 
represents  is  the  same  function  of  x,  ^(^x),  that  we  took  originally 
of  a.     Similarly  every  Fourier  integral  may  be  interpreted. 

Returning  now  to  equation  (6)  and  the  curves  drawn  for  it,  we 
can  find  new  solutions  by  addition  ;  at  each  point  r  let  us  add  the 
temperature  for  that  point  and  all  other  points  farther  from  the 
centre,  even  to  infinity,  but  first  reduced  in  absolute  value  by 
multiplying  each  by  the  small  quantity  //r,  which  we  make  ulti- 
mately tend  to  zero.     We  have  but  to  add  on  Plate  XXIV  for  any 
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abscissa  (time)  the  ordinates  of  all  possible  curves  such  as  B^,  B^y 
etc.,  below  any  given  one,  after  reducing  them  as  described.  For 
/  =  0  and  r  =  0  we  would  get  (oo  -|-  0  +  0  +  etc.)  //r,  which  as 
//r diminishes  indefinitely  gives  us  some  finite  value;  for  other 
values  of  r  we  would  get  (0  -f  0  -(-  0  -f  etc.)  //r,  which  is  zero. 
From  the  way  the  curves  tend  to  become  parallel  it  is  suggested, 
and  by  trial  we  find,  that  for  r  =  0  and  any  finite  value  of  the 
time  not  zero  the  sum  of  all  the  ordinates  would  be  constant.  We 
have  then  the  promise  of  another  simple  solution,  and  can  foretell 
its  type  somewhat,  of  the  form 

—^  -3. 


21/ */ 

where  B  is  an  arbitrary  constant.  On  studying  this  equation  we 
find  that  Vr  at  the  origin  has  initially  the  value  B,  and  maintains 
that  value ;  at  all  other  points  it  is  initially  zero  and  rises  asym- 
ptotically with  time  toward  the  value  B.  F  itself  would  be  always 
infinite  at  the  origin  and  initially  zero  elsewhere.  For  the  case 
of  linear  flow  equation  (7)  represents  an  infinite  plane  kept  at 
temperature  B  in  an  infinite  medium  initially  zero  in  temperature. 
We  can  get  the  solution  for  an  infinitely  hot  point  put  into  an 
infinite  medium  initially  zero  and  left  to  cool  as  follows  :  At  time 
zero  apply  to  the  medium  the  state  of  temperatures  represented  by 
(7)  with  every  temperature  increased  by  multiplying  it  by  the  large 

quantity -r-;  after  time  J/  apply  also  the  state  of  temperatures 

represented  by  ( 7)  with  sign  changed  and  increased  numerically  as 
before ;  finally  make  J/  tend  to  zero.  We  have  seen  above  thai 
this  is  equivalent  to  performing  the  mathematical  operation  of 
differentiation  of  (7)  with  regard  to  /,  that  is,  taking  the  time 
doublet  of  Vr,  The  reason  that  this  solution  is  the  one  required  is 
that  the  superposition  of  the  two  heatings  gives  Vr  2l  large  value 
at  the  origin  at  first  and  everywhere  else  a  zero  value,  and  then 
instantaneously  makes  Vr  zero  at  the  origin ;  that  is,  at  the  origin 
Vk  initially  infinite  in  temperature  and  then  falls  off  indefinitely, 
while  all  other  points  begin  at  zero  and  rise  gradually.  These  were 
the  conditions  we  wanted.     Hence  we  have  the  solution 
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and 


r 


E        ^*^ 


^=(i^'    ■ ''' 

where  E  is  an  arbitrary  constant. 

Further  light  can  be  thrown  on  this  problem  by  arriving  at 
equation  (8)  by  other  methods.  Remembering  that  equation  (6) 
gave  Vr  initially  infinite  at  the  centre  and  zero  elsewhere,  and 
falling  in  value  at  the  centre  and  gradually  rising  to  a  maximum 
elsewhere,  we  see  that  by  taking  the  space  doublet  of  this  Vr  we 
get  Fr  at  the  origin  first  infinite  and  then  zero;  that  is,  V  at  the 
origin  is  at  first  infinite  and  then  gradually  falls  off,  and  is  initially 
zero  elsewhere  and  rises  with  time.  These  are  the  conditions 
required.     Hence  the  solution  is 

Vr-^\^    /^V-^r"*'  (10) 

Or  we  can  look  at  it  in  this  way :  We  saw  that  Vr  in  (6)  had 
exactly  the  set  of  values  we  want  V  to  have  in  the  problem  pro- 
posed, and  the  form  of  the  right-hand  member  of  (6),  containing 

as  it  does  r  in  the  factor  e  only,  suggests  at  once  that  we  can 
get  the  desired  value  of  Fby  a  simple  differentiation  with  regard 
to  r.  This  is  what  we  have  just  done  with  a  good  physical  reason 
for  the  operation. 

Or  another  method.  We  saw  that  equation  (6)  for  the  case  of 
flow  in  one  direction  only  was  that  of  an  infinitely  hot  plane  cool- 
ing in  an  infinite  medium  initially  zero  in  temperature,  and  to  get 
the  solution  for  the  similar  problem  in  three  dimensions  we  have 
but  to  multiply  that  solution  by  two  similar  ones  with  y  and  % 
substituted  for  x.     This  gives 

<  \kt  '\kt  Kk't  £  Akt 

V=£ -.  <r  e  e  =  ttti  ^  (11) 

(^/)«  (^/)* 
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The  rate  of  cooling  is  given  by  the  equation 


'Akt 


Each  point  of  the  mass  not  the  centre  begins  by  being  zero  in 

temperature,  then  rises  to  a  maximum  after  a  time  /  =  ^^  ,   and 

after  this  falls  off  indefinitely  toward  zero.  The  forms  of  the 
curves  given  by  (9)  are  exhibited  on  Plates  XXV  and  XXVI.  With 
values  of  r  as  abscissae  curves  I*  to   IV^  are  for  values  of  the  time 

\U*  "SJ'  U'  ^^^  HI  r^sP-c^^v^^y  >  w^^^  values  of  4>&/  as  abscissae 
curves  1*  to  5*  are  for  values  of  the  distance  0,  ^,  1,  f  and  2 
respectively. 

The  meaning  of  the  constant  £  is  determined  by  finding  the 
amount  of  heat  supplied  initially  to  the  hot  point.     We  have 

_   r« 

^       0 

If  we  take  as  our  unit  of  heat  that  required  to  raise  the  mass  in  a 
unit  of  volume  of  the  substance  1°,  the  total  quantity  of  heat,  <r, 
in  these  units  is 

tf  =  8^7r* (13) 

We  could  also  get  the  total  heat  by  taking  the  integral 

—  JC^  inr'dt    We  get  from  (12)  and  (13)  our  equation  (11) 

0 

in  the  form 

Q              ^*^          cr           ^*^ 
F== .e         = .f  (14) 

(See  Kelvin's  Papers,  Vol.  II,  p.  44.) 

We  cannot  build  up  by  summation  the  solution  for  the  case  of  a 
body  of  finite  dimensions  from  the  above  solution  for  a  mathemati- 
cal point.  We  wish  to  pass  to  a  case  which  has  a  physical  signifi- 
cance, namely,  a  finitely  hot  particle  left  to  cool  in  an  infinite 


/ 
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medium  of  temperature  initially  zero.  We  can  get  a  close 
approximation  to  this  problem  by  putting  the  same  quantity  of 
heat,  <r,  into  a  particle  of  volume  Av  which  we  put  into  the  math- 
ematical point,  and  assuming  that  the  state  of  temperature  produced 
in  the  surrounding  medium  is  the  same  as  that  due  to  the  infinitely 
hot  point  and  is  given  accordingly  by  (14).  This  equation  will 
represent  the  real  state  the  better  the  longer  the  time  which  has 
elapsed,  in  accordance  with  the  fact  emphasized  by  Fourier  that 
the  initial  heating  is  of  less  and  less  importance  as  the  time  is  pro- 
longed. The  closeness  of  the  approximation  for  any  given  time 
and  distance  will  be  brought  out  later. 

Let  the  quantity  of  heat  supplied  raise  the  volume  Av  to  the 
temperature  V^\  then  Q  =  CDV^Av,  or  ^  =  F.Jr;  and  (14) 
becomes 


V=—^-^  e  (15) 


If  the  volume  Av  is  in  the  form  of  a  sphere  of  radius  R^  (15) 
becomes 

r^ 

y=  -^  — i-  e        , (16) 

and  it  is  really  for  this  form  of  the  equation,  with  R  taken  as  the 
unit  of  length,  that  the  curves  referred  to  on  Plates  XXV  and  XXVI 
were  drawn.  They  are,  as  said,  approximations  only  to  the  true 
curves.  The  latter  may  be  found  by  the  aid  of  a  Fourier's  integral. 
We  know  that  the  solution  of  (2)  subject  to  the  condition  V^=.J{r) 
when  /  =  0  is 

•l\/ki 

00 

J  (-r+2v/^ry(-''+ V^rV    ^]..(n) 

Giving  fiy)  the  value  ^  from  r  =  0  to  r  =  -^,  and  the  value  0 
from  r  =  ^  to  r  =:  00  ,  (17)  takes  the  form  ' 
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r-J? 

This  then  is  the  exact  equation  for  a  sphere  of  any  size  of  initial 
temperature  ^  put  into  an  infinite  medium  of  the  same  material  as 
the  sphere  of  initial  temperature  zero  and  left  to  cool  there.  The 
forms  of  the  curves  given  by  this  equation  are  exhibited  on  Plates 
XXV  and  XXVI,  along  with  those  of  the  approximate  equation 
(16).  Curves  I  to  IV  correspond  to  P  to  IV,  and  curves  1  to  5 
correspond  to  1*  to  5*. 

We  can  get  an  approximate  form  from  equation  (18)  by  expand- 
ing it  int  erms  of  i? ;  we  fmd 

«-?•_  r« 

"-^W*'  D+-40— ^-J (W) 

The  first  term  of  this  is  the  same  as  equation  (16),  found  otherwise. 
Equation  (19)  gives  us  a  second  approximation,  and  the  second 
term  within  the  bracket  will  enable  us  to  determine  the  closeness  of 
(16)  as  an  approximation.  In  a  similar  problem,  Fourier  (Free, 
man's  translation,  p.  380)  gives  a  limit  to  the  time  when  the 
approximation  may  be  used,  but  he  does  not  give  any  means  of 
telling  how  great  the  error  is  in  general,  and  it  was  for  the  purpose 
of  bringing  this  out  distinctly  that  equation  (19)  and  the  curves  on 
Plates  XXV  and  XXVI  were  jMroduced.  From  Plate  XXV  we  see  that 
the  approximate  curves  are  at  first  steeper  and  afterward  flatter  than 
the  exact  curves ,  they  make  the  temperatures  too  high  for  points 
nearer  the  origin  than  a  certain  distance,  and  too  low  for  points 
farther  away.  Indeed  curves  I  and  I^  are  very  little  alike  for  any  value 
of  r.  As  the  value  of  the  time  for  which  the  curve  is  drawn  is  taken 
greater  and  greater  the  curves  approach  each  other  more  and  more 
nearly,  even  for  points  less  distant  than  unity  (which  are  inside  the 
little  sphere),  for  which  we  might  have  expected  little  agreement. 
This  makes  evident  the  fact  to  which  Fourier  calls  attention  at  the 
place  just  cited ;  one  is  very  apt  to  assume  that  the  curves  would 
approach  each  other  more  and  more  as  r  is  taken  greater  and 
greater,  no  matter  what  the  value  of  /;  but  just  the  reverse  is  true, 
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the   curves  approach  each  other  more  and  more  for  greater  and 

greater  values  of  the  time,  no  matter  what  the  distance.     This  is 

seen  more  distinctly  from  an  examination  of  Plate  XXVI.     There  it 

will  be  seen  also  that  the  approximate  curves  are  slower  in  reaching 

their  maximum  values,  as  well  as  that  they  have  different  maxima. 

For  distances  less  than  unity  the  approximate  curves  start  at  oo , 

while  the  exact  curves  start  at  F=  ^;  for  the  distance  unity  the 

y 
exact  curve  starts  abruptly  at  -~,  while  the  approximate  curve  starts 

at   0   then  gradually  rises    and  has  a  maximum  value  less  than 
y 
-g-.  For  distances  greater  than  unity  both  curves  start  at  the  origin. 

From  an  inspection  of  the  second  term  of  (19)  we  can  foretell 

the  approximate  accuracy  of  (16).    Taking  R  as  the  unit  of  length, 

y 
if  ^/<  15  the  error  in  the  value  of  -y?  will  be  everywhere  greater 

than  1  %  except  in  the  immediate  neighborhood  of  r=|/6>&/,  at  which 
point  the  error  is  practically  zero.  For  instance,  for  kt  =  \  (curves 
IV  and  IV*)  the  approximate  curve  is  33%  too  high  at  r  =  0,  22% 
at  r  =  1,  correct  at  about  1.8,  and  38%  too  low  at  3.  If  kt  :=  15, 
the  error  is  not  more  than  \%  from  r  =  0  to  r  =  13.4.  If  >^/  =  25 
the  error  is  not  more  than  1  %  from  r  =  0  to  r  =  20.  In  general, 
for  any  value  of  kt  the  error  is  not  more  than  1%  from  r  =  0  to 

r  =  ^/(Skt  +  ^{kty,   and  from  r  =  0   to   r  =  ^^^kf  the    error 

15 
decreases  gradually  from  -j7%  ^o  zero,   and  after  that  increases 

again.  If  we  want  results  accurate  to  .01%,  >^/  must  be  at  least 
1500,  and  in  general  for  any  value  of  kt  greater  than  this  the  error 

is  not  more  than  .01  %  from  r  =  0  to  r  =  \/^kt  +  ^  {k/)*,  and 

—  15 

from  r  =  0  to  r  =  ^/6^/  the  error  decreases  gradually  from  -tt-% 

to  zero,  and  after  that  increases  again. 

From  equation  (15)  we  can  build  up  by  summation  the  equation 
for  the  case  of  a  body  of  any  shape  or  size  initially  at  V^  cooling  in 
an  infinite  medium  initially  zero.  In  order  to  bring  out  a  very 
interesting  difference  between  summation  and  integration  we  shall 
apply  equation  (15)  to  the  case  of  an  infinite  space,  one-half  of 
which  is  initially  at  ^  and  the  other  half  at  zero,  the  two  parts 
being  separated  by  an  infinite  plane  surface.  We  shall  first  have  to 
find  the  solution  for  a  plane  lamina.  Take  the  central  plane  of  the 
lamina  as  the  plane  of  yz,  and  the  origin  where  a  perpendicular 
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from  the  point  F,  at  which  we  want  to  know  the  temperature, 
meets  this  plane.  Call  the  length  of  this  perpendicular  x.  Break  up 
the  lamina  into  concentric  rings  of  radius  p  about  this  origin,  and 
let  the  distance  of  every  point  in  one  of  such  rings  from  the  point 
Z'  be  r  and  the  thickness  of  the  lamina  Ax\  then  we  have 


^  =  — SI      ^  27:p./ix.dp  =  -^-^e  (20) 


From  the  symmetry  of  the  problem  this  is  evidently  a  case. of  linear 

flow,  and  the  solution  must  satisfy  equation  (3).     Knowing  this 

solution  (we  can  get  it  otherwise),  the  solution  for  three  dimensions 

given  in  (15)  can  be  deduced ;  we  have  but  to  multiply  the  value  of 

y 
—j^  for  the  case  of  one  dimension  by  two  similar  expressions  with 

y  and  z  respectively  substituted  for  x. 

The  corresponding  electrical  problem  is  that  of  an  infinite  cable 
with  no  lateral  loss  by  leakage  touched  for  an  instant  to  a  condenser 
of  potential  ^.  If  there  is  lateral  leakage  equation  (20)  is  still 
the  solution  of  the  electrical  problem ;  Fis  then  not  the  potential, 
but  the  potential  can  be  derived  easily  from  it,  as  is  well  known. 

If  Q  or  <r,  according  to  the  unit  of  heat  used,  is  the  amount  of 
heat  required  to  raise  the  mass  of  a  section  of  the  plate  of  unit 
area  by  V^  degrees,  then  Q  =  CDVqAx,  or  <r  =  K^x,  and  equa- 
tion (20)  becomes 

Of  course  this  equation  is  of  only  the  same  grade  of  approximation 
as  (15).  It  will  be  the  more  nearly  exact  the  smaller  Ax  and,  since 
the  product  of  V^  and  dx  measures  the  heat  in  a  section  of  unit 
area  and  is  to  remain  constant,  the  greater  V^,  In  the  limit  we 
should  have  the  solution  for  an  infinitely  hot  plane.  The  form  of 
this  solution  we  have  already  found ;  it  is  from  (6)  and  the  remarks 
following  it  « 

a* 
y  =  — -rr  e  (22) 

Calling  Q  the  total  heat  associated  initially  with  a  unit  of  area  of 
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the  plate,  we  find  g  =  2    \  CDVdx  =  2ACjDi/n;  and  this  value 

0 

of  A  reduces  (22)  to  the  form  (21).  Hence  tlie  general  form  of 
equation  (21),  which  is  approximate  for  a  plate  of  actual  thickness 
Ax,  is  exact  for  the  infinitely  hot  plane.  We  shall  revert  to  this 
important  fact  later. 

If  we  want  the  exact  equation  for  the  plate  of  thickness  Jx  we 
can  get  it  by  the  use  of  a  Fourier  integral.  Making  the  obvious 
changes  in  (17)  to  suit  it  to  the  case  of  linear  flow,  and  givingX-^) 

the  value  K,  from  x  = ^^-^  to  jp  =  -^  and    the  value  0  for  all 

other  values  of  x,  we  find 

2 


—  — '*  e      dy (23) 


-•¥ 


2^  kt 

Putting  this  in  an  approximate  form,  we  have 


2(7r/t/)* 


.(24) 


the  first  term  of  which  is  equation  (20).  The  forms  of  the  curves  for 
(20)  are  exhibited  on  Plates  XXIII  and  XXIV.     With  values  of  *  as 

abscissae  curves  A^  to  A^  are  for  values  of  the  time  757,  -31-,  -rr  and 

-gj  respectively ;  with  values  of  ^kt  as  abscissae  curves  B^  io  £^  are 

for  values  of  the  distance  0,  ^,  ^,  |  and  1  respectively.  The  second 
term  of  (24)  enables  us  to  tell  approximately  the  degree  of  closeness 
of  (20)  to  the  exact  equation  (23).      Taking   Ax  as  the  unit  of 

25 
length,  if  ^^<tt  ^^^  ^rror  will   be  everywhere  greater   than  1  % 

except  in  the  neighborhood  of  j:  =  \/^kt  where  it  is  practically 

25 
zero.     If   '^^  =  To"  ^^^  ^^^^^  ^s  ^^'  moxt  than  \%  from  jp  =  0  to 

jc  =  2.9,  being  1^  too  high  at  a:  =  0,  zero  at  jp  =  2,  and  1%  too 
low  at  a:  ==  2.9.  If  kt  =  25  the  error  is  -^^  too  high  at  *  =  0, 
zero  at  7,  and  1%  too  low  at  26.  This  is  then  a  nearer  approxima- 
tion than  the  one  discussed  for  the  case  of  a  hot  particle,  as  was  to 
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be  expected.     In  general,  for  any  value  of  ki  the  error  is  not  more 

than  1  %  from  jp= 0  to  x='^2kf  +  ^(^0\  a^d  for  any  value  of  k/ 
greater  than  *ffA  the  error  is  not  more  than  .015^  from  *  =  0  to 

X  =  ^2k/  +  2MJ0^^'^' '  ^^^^  jc  =  0  to  A-  =  \/2ki  the  error  decreases 

25 
gradually  from  'T2]^%  to  zero,  and  after  that  increases  again. 

The  correspondingly  approximate  equation  for  the  current  or 
flow  of  heat  in  this  case  is 

The  forms  of  these  curves  are  given  on  Plates  XXVII  and  XXVIII. 
With  values  of  X  as  abscissae  curves  C^  and  CiS  Cand  Ci\  and  Ci' 

are  for  values  of  the  time  j^,  -^  and  -^  respectively ;  with  values 

of  ik/  as  abscissae  curves  ly  and  Di^,  D*  and  2?,',  and  A*  are  for 
value  of  the  distance  i,  i  and  1  respectively. 

The  exact  equation  for  the  flow,  found  from  (23),  is 


/=-^r^  —e  1 (26) 

the  curves  for  which  have  not  been  drawn. 

By  adding  up  the  effects  of  an  inflnite  number  of  such  plates  we 
can  get  the  temperature  due  to  one-half  of  space  initially  at  a  uniform 
temperature  ^  and  the  other  half  at  zero  temperature.  Take  the 
point  jP,  at  which  the  temperature  is  desired,  in  the  cold  half  and 
at  a  distance  x  from  the  surface  of  separation,  and  take  the  origin 
in  that  surface  at  the  foot  of  the  perpendicular  from  P,  Let  one 
of  the  plates  making  up  the  other  half  of  the  medium  be  distant  $ 
from  the  origin.  Then  the  x  of  equation  (20)  becomes  Jc  +  f , 
and  Jjc  becomes  J^ ;  hence  the  temperature  at  P  due  to  a  series  of 
such  plates  extending  from  f  =  Oto?  =  oo,as  found  by  inte- 
gration, is 

0  X 

2}/kt 
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^'['-^^j"*'"*] <-' 


0 

We  could  arrive  at  the  solution  for  this  case  by  using  Fourier's 
integrals,  as  we  did  for  equation  (23),  giving  /(jx)  the  value  l\ 
from  jp  =  —  ootojp  =  0  and  the  value  zero  from  j:  =  0  to  jc  =  oo. 
We  get  at  once  equation  (27)  again. 

This  latter  method  gives  the  exact  solution  for  the  problem  and 
yet  it  gives  the  same  result  as  the  former  method,  from  which  one 
might  expect  naturally  enough  an  approximate  solution,  since  we 
get  it  by  integrating  solutions  that  were  approximate.  This  is  the 
point  to  which  attention  was  called  in  applying  our  results  to  this 
case ;  we  have  the  integration  of  approximate  solutions  an  exact 
solution.  The  first  explanation  offered  of  this  unexpected  result  is 
apt  to  be  that  the  approximation  used  is  the  more  exact  as  the  dis- 
tance j:  +  $  is  the  greater ;  but  we  have  seen  earlier  that  just  the 
contrary  is  true  and  that  at  great  distances  (20)  ceases  to  be 
properly  called  a  solution  unless  the  time  is  taken  very  great.  The 
real  explanation  is  simply  that  the  operations  of  summation  and 
integration  are  not  always  the  same,  and  this  is  a  case  in  point. 
Nothing  is  commoner  in  applying  mathematics  to  physics  than  to 
use  mathematical  processes  with  laxity  and  to  test  the  legitimacy  of 
the  application  by  the  results.  It  is  so  uncommon  to  have  a  sum- 
mation made  improperly  by  integration  that  we  lose  sight  of  the 
mathematical  fact  that  the  operations  are  not  equivalent.  We  take 
similarly  the  first  two  terms  of  a  Taylor's  series  expansion  as  a 
sufficiently  close  approximation  in  almost  any  piece  of  analysis, 
without  questioning  whether  the  function  under  consideration  can 
be  so  expanded  and  without  reference  to  the  value  of  the  terms 
disregarded;  we  take  differential  coefficients  without  asking 
whether  they  can  have  a  meaning,  etc.  The  good  excuse  offered 
is  that  the  chances  are  overwhelmingly  in  our  favor,  and  that  if  we 
have  made  a  mistake  we  shall  quickly  find  it  out  from  the  results. 
Had  we  actually  made  a  summation  in  the  above  problem  we  should 
have  got  an  approximate  result,  but  by  integrating  we  get  the  limit 
toward  which  the  summation  tends  as  d^  tends  towards  zero,  and  it 
happens  in  this  case  that  this  is  the  exact  solution.  In  finding  an 
area  we  take  a  series  of  strips  of  area  oi  ydx  and  however  infinites- 
imally  small  dx  is,  so  long  as  it  is  something  and  not  zero,  the  sum 
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of  such  Strips  is  not  the  exact  area  required ;  j  y^^  ^s   the   limit 

toward  which  the  sum  tends  as  tix  tends  to  zero,  and  we  know  from 
the  familiar  example  of  Fourier's  series  how  the  value  can  change 
actually  in  the  limit.  It  happens  in  the  present  case  that  as  dS  is 
made 'smaller   and    smaller,  and   V^  correspondingly  greater  and 

greater  in  order  to  keep  <r  constant,  in  the  limit  — ^——^  g  is  the 

exact  solution  for  an  infinite  plane  (see  under  (21)  and  (22)).  So 
in  making  the  integration  above,  that  is,  in  finding  the  limit  of  the 
summation,  we  get  necessarily  an  exact  solution  because  in  the  limit 
each  term  of  the  solution  is  exact.  Had  we  approached  the  limit 
in  some  other  way  than  in  keeping  a  constant  we  might  have  got 
quite  a  different  result. 

The  forms  of  the  curves  for  (27)  are  shown  on  Plates  XXVII 
and  XXVIII.     Curves  E^,E^  and  E*  are  drawn  with  values  of  jc  as 

abscissae  for  values  of  the  time  r  7,  -7^  and  -;  respectively  ;  curves 

y^*,  F*  and  F*  are  drawn  with  values  of  ikt  as  abscissae  for  values 
of  the  distance  \,  ^,  and  1  respectively. 

Since  the  current  or  flow  is  got  from  the  temperature  by  a  differ- 
entiation with  regard  to  Xj  and  since  equation  (27)  was  got  from 
(20)  by  an  integration  with  regard  to  x,  it  is  evident  that  the 
curves  for  the  potential  or  temperature  in  (20)  are  the  curves  for 
current  in  the  present  problem. 


j=^_K''-^^  =  J^^e         (28) 


These  curves  are  given  on  Plates  XXIII  and  XXIV  for  points  to 
the  right  of  the  origin  ;  the  form  for  points  to  the  left  is  obvious, 
since  the  curves  are  symmetrical  about  the  j'«  plane. 

Physical  Laboratory,  Bryn  Mawr  College. 
Aprils,  1902. 
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A  NEW  METHOD  OF  TRANSITING  STARS. 

BY  MONROE   B.   SNYDER. 
(Read  ApHl  4,  1902.) 

The  method  of  observing  transits  of  stars,  here  to  be  described 
in  a  preliminary  and  general  manner,  consists  in  driving  the  mi- 
crometer screw  and  hence  micrometer  thread  of  a  transit  instru- 
ment by  means  of  an  electric  motor  at  the  uniform  speed  pertain- 
ing to  any  given  declination,  at  the  same  time  that  the  observer  by 
secondary  adjustment  seciures  and  maintains  accurate  bisection  of 
the  star,  while  given  positions  of  the  screw  and  hence  thread  are 
automatically  recorded  on  a  chronograph. 

It  is  now  more  than  four  years  since  the  writer  described  the 
method  to  his  associates  interested  in  astronomical  observation. 
In  the  autumn  of  1899  this  plan  of  electrically  driving  the  transit 
thread  was  also  mentioned  to  Professors  Wadsworth  and  Morley 
and  at  some  length  discussed  with  the  latter.  Working  drawings 
of  the  special  instrument  which  at  present  gives  concrete  expres- 
sion to  the  method  were  completed  in  September,  1900.  The 
**  electrical  transiter,"  or  more  simply  "transiter,"  as  for  brevity 
the  new  device  has  been  named,  was  mounted  on  the  small  me- 
ridian circle  of  the  Philadelphia  Observatory  in  February,  1901, 
and  there  subjected  to  many  tests  and  improvements  since.  The 
demands  on  the  writer's  time  have,  however,  not  permitted  that 
singleness  of  devotion  which  the  transiter  and  its  interesting 
method  should  receive,  and  it  does  not,  therefore,  seem  desirable 
any  longer  to  withhold  a  preliminary  communication  on  the 
subject. 

The  fundamental  idea  of  moving  a  transit  micrometer  wire  by 
means  of  clockwork  synchronously  with  the  star's  motion  was 
proposed  in  1865  by  Braun.*  But  to  Repsold  is  due  the  persistent 
pursuit  of  the  idea  that  personal  equation  can  be  banished  from 
transit  observations  by  mechanical  methods.  And  although  his 
practical  solutions  of  the  problem  have  hardly  proved  adequate, 
they  have  stimulated  and  permitted  serious  efforts  on  the  part  of 
observers. 

The  first  suggestion  of  Repsold,*  made  in  1888,  was  to  mount  the 

1  Dr.  Carl  Braun,  Das  Passag-en-Mikrometer^  Leipzig,  1865. 
'F.  Repsold,  «*  Durchgangs- Instrument  mit  Uhrbewegung,"  Asiron,  Nack,, 
2828. 
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base  of  the  transit  instrument  on  a  polar  axis  and  within  a  limited 
range  drive  the  instrument  to  the  diurnal  motion  by  means  of 
clockwork,  and  in  some  undescribed  manner  keep  the  star  bi- 
sected so  as  to  determine  the  meridian  passage  through  electrical 
signals  automatically  made.  The  plan  admirably  met  the  chief 
difficulty  of  the  varying  rate  of  motion  due  to  difference  of  decli- 
nation, but  was  abandoned  on  account  of  the  great  mass  to  be 
moved. 

It  has  to  the  writer,  however,  seemed  likely  that  by  applying  a 
powerful  electric  motor  of  strictly  constant  speed,  and  by  using  a 
second  electric  motor  with  regulable  speed  for  driving  one  element 
of  a  differential  gear  which  engages  the  shaft  driven  by  the  main 
motor,  or  by  several  other  electrical  devices  not  requiring  men- 
tion, an  equatorially  mounted  transit  instrument  can  be  driven  to 
stellar  bisection  and  readily  kept  so  adjusted. 

A  second  plan,  "  Neuer  Vorschlag  zur  Vermeidung  des  person- 
lichen  Zeit-Fehlers  bei  Durchgangs-Beobachtungen,"  was  proposed 
by  Repsold*in  1889  and  tested  by  Becker*  in  1891  with  moder- 
erately  favorable  result  A  new  form  of  micrometer,  made  for  the 
Madison  Observatory  by  Repsold,*  was  described  in  1896,  and  with 
the  general  plan  of  its  construction  the  writer  became  acquainted 
in  the  autumn  of  1897.  This  specially  designed  and  rather  com- 
plicated micrometer  requires  that  s»ar  bisection  shall  be  main- 
tained by  twirling  the  micrometer  shaft  alternately  with  each  hand 
of  the  observer.  While  this  twirling  is  proceeding  the  ten  elec- 
trical contacts  of  a  drum  mounted  on  the  micrometer  screw  deter- 
mine as  many  records  on  the  chronograph.  This  Repsold  method, 
while  not  lacking  in  ingenuity,  seemed  to  the  writer  to  labor  under 
the  following  defects  :  An  alternating  twirling  motion  of  the  mi- 
crometer, even  when  communicated  with  the  greatest  adroitness, 
is  not  approximately  a  uniform  motion.  The  observer  is  attached 
to  the  instrument  by  both  hands,  and  is  incessantly  committed  to 
the  most  painful  attention.  Good  results  could  hardly  be  secured 
without  the  most  prolonged  and  painstaking  practice.  Through 
his  special  habit  of  twirling  each  observer  must  have  a  new  form  of 

» F.  Repsold,  Astron,  Nach,,  2940,  1889,  September. 

2  Prof.  E.  Becker,  *<Ueber  einige  Versucbe  von  Durchgangs  Beobachtangen 
nach  dem  neuen  Repsold'tchen  Verfahren,"  Astron,  Nach,,  3036,  1 89 1,  Man. 
•««Neue  Mikrometer  von  A.  Repsold  u.  Sohne,"  Astron,  Nach,^  3377,  1896. 

juii.: 
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personal  equation.  Even  the  averaging  secured  by  the  great 
number  of  electrical  contacts  does  not  certainly  eliminate  the  pe- 
culiarities of  a  given  habit  of  twirling.  At  any  rate  the  great 
number  of  signals  to  be  read  from  the  chronographic  sheet  consti- 
tutes a  very  serious  infliction  on  time  and  patience.  Finally,  the 
Repsold  method  does  not,  during  any  given  star  transit,  offer  a 
ready  and  direct  means  of  comparison  with  the  ordinary  methods 
of  observation. 

The  difficulties  experienced  in  acquiring  reliable  observing 
habits  with  the  Repsold  transit  micrometer  are  evident  from  the 
reports  of  Becker,*  Kowalski,'  and  Flint.*  The  latter  is,  it  seems, 
the  only  American  observer  who  has  tried  the  Repsold  device  to  any 
extent,  and  he  says  that  "  after  considerable  practice"  he  obtained 
the  same  probable  error  by  the  method  for  "a signal  under  good 
conditions  as  for  a  single  thread  when  observing  with  a  fixed 
reticule  and  chronograph." 

And  yet  it  is  not  surprising  that  among  European  observers 
engaged  in  longicude  work,  the  Repsold  method  should  after  pro- 
longed discipline  yield  excellent  results.  Albrecht,*  in  an  extended 
paper  on  its  application  to  longitude  work,  points  with  enthusiasm 
to  the  superior  results  obtained.  He  considers  the  former  indiffer- 
ent results  to  be  due  to  lack  of  practice  and  insists  that  the  highest 
effectiveness,  by  this  method,  is  attained  only  after  a  long  season 
of  active  experience.  "Man  erlangt  das  Maximum  der  Leis- 
tungsfahigkeit  doch  auch  bei  dieser  Methode  erst  nach  langer 
Uebungszeit. ' ' 

These  experiences  of  practiced  observers,  while  pointing  to  the 
value  of  the  plan  of  micrometer  thread  motion  in  eliminating  per- 
sonal equation  and  its  variations,  confirm  the  anticipations  of  the 
writer  as  to  the  inherent  defects  of  the  Repsold  method.  It  is 
therefore  interesting  to  note  that  experiments  for  relieving  some  of 
the  imperfections  of  the  method  have  been  going  on  at  the  Konis- 

'  Loc  cit. 

'  Ueder  das  neue  selbstregUtrirertde  Mikrometer  von  Repsold,  Petersburg, 
1897. 

'Albert  S.  Flint, «  The  Repsold  Micrometer  of  the  Wtshbum  Observatory," 
Astron.  Jour.,  No.  470,  1899,  September. 

*  Prof.  Th.  Albrecht,  «•  Die  Beobachtungsmelhodc  mittelst  des  Repsold'schen 
Registrirmikrometers  in  ihrer  Anwendung  auf  Laogenbestimmungen,"  Astron, 
'  Nach,^  3699,  1901,  Marz. 
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berg  Observatory,  where  its  Director,  H.  Struve,*  has  successfully 
applied  clockwork  directly  to  the  Repsold  micrometer,  and  thus 
unquestionably  improved  its  usefulness.  With  this  work  the  writer 
became  acquainted  only  after  his  own  plan  had  been  consummated 
and  the  resulting  instrument  constructed  and  mounted  for  use.  Dr. 
Cohn,*  of  the  same  Observatory,  has  recently  published  an  extended 
investigation  which  shows  marked  advances  in  accuracy  over  the 
usual  methods  of  observing.  Struve's  method  has,  however,  thus 
far  involved  the  unsymmetrical  placing  of  the  weight  of  the  appa- 
ratus and,  while  itself  possessing  serious  mechanical  limitations, 
does  not  avoid  certain  peculiarities  and  limitations  of  the  Repsold 
micrometer.  The  necessity  therefore  still  exists  for  a  method  that 
shall  be  flexible  in  adaptation  and  use,  and  not  impose  unreason- 
able conditions  on  the  observer. 

The  conditions  to  be  attained  in  an  effective  method  were  early 
formulated  by  the  writer  substantially  as  follows : 

The  ordinary  micrometer  of  a  transit  instrument  shall  be  used, 
and  its  movable  wire  driven  electrically  at  approximately  uniform 
speed.  The  rate  of  driving  shall,  as  required,  vary  with  the  decli- 
nation. The  direction  of  motion  shall  be  instantly  reversible. 
The  wire  shall  be  promptly  readily  started  on  its  course  when  bi- 
section of  the  star  occurs.  While  in  motion  the  wire  shall  be 
easily  regulable  for  bisection  of  the  star.  The  automatic  chrono- 
graphic  record  shall  be  made  at  whole  turns  or  at  fractions  of  a 
turn  of  the  screw  as  desired. 

In  practically  studying  the  electrical  method  of  determining  and 
controlling  the  motion  of  the  thread  of  a  transit  micrometer,  it  has 
been  found  that  there  are  three  principal  plans  of  adaptation 
available : 

I.  A  small  electric  motor  may  be  placed  on  or  near  the  head  of 
the  transit  instrument,  with  its  axis  parallel  to  that  of  the  instru- 
ment. The  varying  rate  of  motion  required  for  change  in  decli- 
nation may  then  be  secured  by  regulating  the  field  of  the  motor 
and,  if  necessary,  also  that  of  a  small  dynamo  supplying  the  cur- 
rent.   The  main  difficulties  in   this  plan  are,  the  wide  range  of 

*  H.  Struve,  *«  Ucbcr  die  Verbindung  eines  Uhrwerks  mit  dem  unpersdn- 
lichen  Mikromcter  von  Repsold,"  Astron.  Nach.,  3719,  1901,  Mirz. 

•  Dr.  Fritz  Cohn, ««  Ergebnisse  von  Eeobachtungcn  am  Repsold'schen  Regis- 
trirmikroaitter  bei  Anwendung  eines  \}hrfitx\is,**  Astron,  A^tff^.,  3766-67,  X901, 

November. 


204    SKYDER — A    NEW   METHOD  OF  TRANSITiyQ  STARS.   [April  4, 

speed  regulation  required  and  the  interference  due  to  inertia  a^ 
starting. 

II.  Equatorial  speed  that  is  absolutely  constant  but  slightly 
regulable  may  be  given  the  motor,  similarly  placed,  and  the  differ- 
ing rate  of  motion  proper  to  each  declination  determined  by  me- 
chanical gearing,  consisting  principally  of  two  friction  disks  placed 
at  right  angles  to  each  other,  or  by  some  other  mechanical  equiva- 
lent. Both  of  these  plans  require  special  care  in  the  constriction 
and  mounting  of  the  motor,  so  as  to  obviate  the  communication  o^ 
injurious  vibration  to  the  transit  instrument. 

III.  It  may  in  some  instances  be  desirable  to  place  the  electric 
motor  on  a  separate  support  near  the  base  of  the  instrument,  and 
then  by  means  of  a  light  steel  shaft  entering  the  axis  of  the  transit 
finally  communicate  the  required  motion  to  the  micrometer  screw. 
All  the  motions  and  controls  peculiar  to  either  of  the  other  plans 
may  be  secured  to  this  form  of  transiter,  excepting  that  the  micro- 
meter cannot  at  all  be  driven  during  the  time  necessary  for  reversal 
of  the  transit  instrument.  This  limitation  would  in  some  instances 
be  rather  annoying,  if  not  destructive  of  facilities  the  method 
should  furnish. 

It  is  also  quite  feasible  to  place  certain  elements  of  the  transiter 
on  a  separate  support  and  communicate  the  motion  to  a  small  slow- 
speed  alternating  current-motor  placed  on  the  head  of  the  transit 
instrument  and  connected  with  the  micrometer,  and  so  obviate 
practically  all  the  mechanical  and  electrical  difficulties.  Experi- 
ments in  this  direction  are  in  progress. 

In  the  attempt  made  to  actualize  the  electrical  method  of  driving 
the  transit  micrometer  contending  obstacles  and  facilities  led,  for  a 
first  trial,  to  the  selection  of  the  second  plan  mentioned,  namely, 
that  of  gearing  from  a  small  motor  of  fixed  speed  placed  near  the 
head  of  the  instrument.  In  reaching  this  conclusion  the  writer  was 
greatly  assisted  by  his  friend  and  former  student,  Dr.  H.  G.  Gcis- 
singer,  who,  immediately  the  method  of  the  electrical  transiter  and 
the  conditions  it  imposed  had  been  described,  became  enamored  of 
the  delicate  mechanical  and  electrical  problem.  Detail  drawings  of 
a  transiter  of  this  type  were  prepared  under  the  writer's  direction  by 
Dr.  Geissinger,  and  he  has  introduced  several  ingenious  devices 
which  admirably  meet  the  conditions  set.  The  special  aim  of  the 
writer  is  to  construct  a  form  of  transiter  that  may,  without  serious 
modification,  be  attached  to  any  transit  instrument.  It  should  not 
involve  a  special  form  of  micrometer  nor  in  any  way  vitiate  the  in- 
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strument  for  its  usual  work  however  accurate.  Excepting  in  the 
unnecessary  weight  of  the  parts  and  general  coarseness  of  the 
mechanism,  the  transiter  as  now  constructed  fairly  meets  all  the  de- 
mands originally  set  and  besides  introduces  some  new  conven- 
iences. Although  it  is  not  the  intention  at  present  to  give  a  de- 
tailed description  of  the  transiter,  it  may  be  allowable  briefly  to 
mention  several  of  its  advantages : 

Regulation  of  the  bisection  of  a  star  is  easy  and  definite.  A 
record  is  made  but  once  for  each  revolution  of  the  micrometer, 
and  records  will  be  increased  in  frequency  only  as  special  work 
demands.  A  predetermined  schedule  of  recording  can  be  deter- 
mined for  any  given  run  of  the  micrometer.  Back  lash  of  the 
screw  on  reversal  of  motion  may  be  completely  eliminated  by 
the  adjustment  of  the  electrical  contacts.  The  whole  transiter 
may  be  balanced  symmetrically  on  the  instrument,  and  thus 
changes  in  the  instrumental  constants  avoided.  Instantaneous  re- 
versal of  the  motion  of  the  micrometer  permits  of  many  conven- 
iences as  to  method  of  work.  In  determinations  of  time  and 
longitude  the  tendency  has  of  late  been  to  reverse  the  transit  in- 
strument during  the  passage  of  each  star,  and  thus  to  eliminate  a 
series  of  errors  and  facilitate  reductions.  The  transiter  by  its 
ability  to  reverse  motion  instantly,  and  even  automatically,  lends 
itself  readily  to  this  method  of  work. 

From  the  beginning  of  1901,  when  it  was  completed,  until  the 
present  the  transiter  has  been  the  subject  of  many  tests  and  of 
some  improvements,  and  for  a  year  or  more  it  is  hoped  it  may  be 
destined  to  progressive  change.  It  is  now  mounted  on  the  four- 
inch  meridian  circle,  for  which  it  is  expected  a  suitable  place  may 
be  found  at  the  Suburban  Photographic  Station  of  the  Observatory, 
when  this  Station  shall  have  been  definitely  located,  but  only  after 
the  completion  of  the  present  series  of  experiments  with  the  transi- 
ter, and  the  determination  of  the  latitude  and  longitude  of  the  City 
Station  of  the  Observatory. 

Personal  equation  in  all  its  variations  remains  a  much  more 
serious  factor  than  many  painstaking  astronomers,  who  have  not 
sufficiently  practiced  their  accuracy  even  against  a  simple  personal 
equation  machine,  are  willing  to  admit.  It  is  then  gratifying  to 
find  that  Professor  Langley*  has  recently  been  willing  to  propose 

^  Prof.  S.  P.  Langley  presided  at  the  meeting,  and  had  at  a  recent  meeting  of 
the  American  Astronomical  and  Astrophysical  Society  described  his  new  and 
very  ingenious  method  of  obviating  penonal  equation  in  any  time  observation. 
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an  entirely  novel  and  highly  suggestive  method  for  its  elimination 
in  many  classes  of  observation.  And  it  may  therefore  be  permis- 
sible, in  this  presence,  to  draw  attention  to  the  fact  that  the 
method  of  the  electrical  transiter  permits  for  the  first  time  the  de- 
termination of  the  absolute  personal  equation  at  any  and  every  de- 
sired star  transit,  and  on  the  star  itself.  While  reserving  a  com- 
plete discussion  of  this  subject  for  a  future  occasbn,  it  should  be 
stated  that  several  plans  offer  themselves  to  this  end  in  the  transiter. 
To  mention  but  one :  The  usual  wires  are  undisturbed ,  and  the 
transiter  can  be  adjusted  so  as  to  cut  itself  in  and  out  automati- 
cally at  certain  parts  of  the  run  and  only  there  receive  the  at- 
tention of  the  observer  for  star-bisection.  At  other  portions  of 
the  run  the  usual  method  of  chronographic  signals,  or  even  of  the 
eye  and  ear  method  may  be  employed,  and  so,  on  reduction  to  the 
middle,  be  compared  with  the  transiter's  automatic  signals.  Per- 
sonal equation  may  thus  be  studied  with  facility  on  the  stars 
themselves  and  its  variability  traced  through  a  simple  observation 
or  a  series  of  observations,  and  whatever  is  sufficiently  stable  ex- 
pressed as  a  function  either  of  the  stellar  declination  or  of  stellar 
magnitude  or  even  of  the  physical  condition  of  the  observer. 

It  seems  rather  likely  that  finally  all  such  study  of  the  personal 
equation,  when  it  shall  have  clearly  demonstrated  the  unreliable 
character  of  the  usual  methods  of  transit  observation  and  the  ade- 
quate accuracy  of  the  newer  method,  will  be  relegated  to  the 
Psychological  Laboratory.  Certain  it  is  that  the  banishment  of 
reaction  time  from  transit  observations  and  the  reduction  of  this 
class  of  errors  to  those  of  bisection,  either  of  a  star  image  by  a 
thread  or  of  a  thread  interval  by  a  star,  means  an  epoch  in  ob- 
servational astronomy  whose  actual  realization  by  suitable  devices 
is  a  worthy  challenge  to  our  best  efforts. 

With  an  automatic  transiter  allowing  easy  and  accurate  bi- 
sections, a  chronograph  recording  with  the  utmost  accuracy*  and  a 
clock  of  the  best  mechanism  kept  under  constant  pressure  and 
temperature,  a  new  field  for  accurate  work  in  longitude  determi- 
nation and  in  the  evaluation  of  stellar  position  and  stellar  parallax 
would  be  opened  to  the  activity  of  the  astronomer. 

Philadelphia  Observatory,  March,  1902. 
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A  CRETACEOUS  AND  LOWER  TERTIARY  SECTION 
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This  paper  is  intended  only  as  a  preliminary  report  of  an  inter- 
esting geological  section — an  account  of  what  has  been  done  and  a 
suggestion  of  what  is  yet  to  be  accomplished.  The  points  of  inter- 
est are:  (i)  The  completeness  of  the  Upper  Cretaceous  which 
overlies  the  older  beds,  probably  Jurassic  and  Lower  Cretaceous, 
and  underlies  the  Fort  Union,  which  here  contains  mammalian 
remains,  correlating  it  with  the  Torrejon  of  New  Mexico;  (2)  the 
excellent  exposures  of  the  strata,  giving  a  good  opportunity  for 
study ;  and  (3)  the  occurrence  of  interesting  fossils,  especially  verte- 
brates, in  several  different  horizons. 

The  region  here  referred  to  lies  east  of  the  Crazy  Mountains  and 
south  of  the  Big  Snowies,  in  the  basin  of  the  Musselshell  River,  in 
Sweetgrass  County.  It  extends  from  south  of  the  Musselshell  River 
southward  twelve  or  fifteen  miles,  and  eastward  from  a  line  passing 
southward  from  Harlowton  on  the  Musselshell  about  the  same  dis- 
tance. This  is  part  of  the  south  limb  of  a  broad  anticline,  the 
general  trend  of  which  is  south  of  east.  This  anticline  is  dissected 
longitudinally  by  the  Musselshell.  The  lowest  strata  exposed  are 
upheaved  into  a  dome-shaped  uplift  southeast  of  Harlowton  and 
four  or  five  miles  south  of  the  river,  where  strata  which  are  appar- 
ently of  Jurassic  age  are  exposed. 

This  region  is  on  the  western  border  of  the  elevated  plains  coun- 
try, and  occupies  a  position  intermediate  between  the  plains  and 
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the  foothills.  The  strata  are,  as  a  rule,  not  horizontal,  but  have 
been  affected  by  the  disturbances  which  have  elevated  the  moun- 
tains farther  to  the  west  or  north.  In  restricted  localities  the  beds 
are  horizontal  and  in  others  nearly  vertical,  and  there  are  all  inter- 
mediate grades.  The  average  dip  is  probably  not  more  than  fifteen 
or  twenty  degrees. 

The  relief  beautifully  expresses  the  geological  character.  Through 
the  whole  section  there  are  alternations  of  sandstones  and  shales 
and  all  grades  between  the  two.  Sometimes,  as  in  the  Fort  Benton 
and  Fort  Pierre,  the  shales  predominate  and  attain  a  considerable 
thickness.  Again,  as  in  the  Dakota  (?),  Niobrara,  Fox  Hills,  etc., 
sandstones  predominate — at  least  there  is  enough  indurated  sand- 
stone to  retard  erosion  and  to  produce  prominent  ridges  which  can 
be  followed  for  long  distances — fifty  miles  or  more.  In  all  the 
formations  there  is  considerable  sandstone,  and  in  all  there  is  much 
shale  j  but  I  have  seen  but  very  little  limestone  in  the  whole  section, 
though  it  sometimes  occurs  in  concretions  or  in  thin  layers. 

It  does  not  appear  that  during  the  whole  period  of  deposition  the 
sea  ever  attained  any  great  depth.  Probably  it  was  deepest  at  times 
during  the  Benton  epoch,  yet  even  here  the  great  amount  of  sand 
in  the  shales  indicates  near-shore  deposition.  The  erosion  features 
will  be  given  in  the  descriptions  of  the  different  formations. 

So  far  as  I  am  aware  this  particular  region  has  been  described 
only  by  the  writer  (see  Science,  January  3,  1902,  p.  31,  and  Febru- 
ary 14,  1902,  p.  272).  A  little  to  the  west  is  the  area  mapped  in 
the  Little  Belt  Folio  (No.  56)  of  the  U.  S.  Geol.  Survey,  and  some 
work  was  done  to  the  eastward  on  Swimming  Woman  and  Careless 
Creeks  by  W.  Lindgren  and  George  H.  Eldrege,  in  connection 
with  the  Northern  Transcontinental  Survey.* 

Of  course  there  is  no  single  section  where  all  the  features  here 
described  can  be  seen,  and  the  depressions  or  ridges  into  which  the 
different  strata  weather  have  frequently  to  be  followed  for  a  few 
miles  to  obtain  good  exposures.     Fortunately  this  is  easily  done. 

The  Lake  Basin,  to  which  reference  will  frequently  be  made,  is  a 
large,  depressed  area  nearly  fifty  miles  long  east  and  west  and 
twenty- five  miles  north  and  south  in  the  widest  portion.  The 
former  represents  the  greatest  east  and  west  extension.  The  east- 
ern portion  extends  northeastward.    This  portion  I  have  not  ex- 

1  Tenth  Census  of  the  United  States,  Vol.  XV,  p.  243. 
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plored.  The  basin  has  no  outward  drainage,  but  has  several  small 
lakes  without  outlets,  into  which  small  streams  empty,  when  there  is 
an  excess  of  precipitation.  The  basin  is  bounded  on  the  south  by 
the  high  rocky  bluffs  of  the  Fox  Hills,  and  on  the  north,  at  least  in 
the  western  portion,  by  the  hard  sandstones  of  the  Niobrara  and 
the  Dakota  (?).  The  name  Lake  Basin  seems  doubly  appropriate, 
for  it  not  only  contains  lakes,  but  it  resembles  the  bed  of  some 
ancient  body  of  water  with  bays  and  inlets,  and  with  capes,  pro- 
monotories  and  peninsulas  extending  into  it  from  the  southward. 
The  scene  is  spread  out  like  a  great  panorama ;  the  southern  hills 
and  northern  ridges  become  hazy  in  the  distance  and  the  farther 
border  seems  a  dim  ridge  on  the  eastern  horizon.  At  the  foot  of 
the  Fox  Hills  bluffs  are  the  Fort  Pierre  shales  and  still  farther  away 
the  Fish  Creek  beds. 

As  the  principal  object  of  this  paper  is  to  show  something  of  the 
characters  of  the  uppermost  Cretaceous  and  Lower  Tertiary  forma- 
tions in  this  locality,  and  to  give  a  little  light  tending  toward  the 
clearing  up  of  the  problem  concerning  the  boundary  between  the 
Mesozoic  and  the  Cenozoic  ages  in  the  Rocky  Mountains,  I  will 
give  only  a  brief  sketch  of  the  formations  lower  than  the  Niobrara. 

Jurassic,  etc. 

The  supposed  Jurassic  is  exposed  in  a  dome-shaped  uplift,  so  that 
the  strike  of  the  outcrop  is  nearly  a  circle.  The  beds  are  sand- 
stones and  sandy  clays.  The  latter  are  largely  red  in  color.  This 
is  apparently  due  to  the  combustion  of  coal.  There  are  bones  of 
large  Dinosaurs  and  of  some  smaller  reptiles,  but  they  have  not  been 
studied.  It  is  possible  that  this  stratum  with  the  sandstones  above 
may  belong  to  the  Lower  Cretaceous.  There  are  many  hundreds 
of  feet  of  hard  sandstones  and  shales  between  the  fossil-bearing 
horizon  and  the  Fort  Benton.  The  upper  portion  probably  belongs 
to  the  Dakota  formation. 

The  Jfort  Benton  Formation. 

These  beds  and  their  'contained  fossils  are  much  like  the  cor- 
responding ones  in  other  regions.  They  are  principally  dark  shales 
with  bands  of  sandstone  in  the  lower  portion,  and  in  one  place  I 
found  a  half  dozen  specimens  of  Prionocyclus  Meek  in  brown  con. 
cretions  in  the  shales.     Higher  were  Ammonites^  Scaphites^  Inoce^ 
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rami^  small  Baculites  and  other  MoHusca^  all  of  Benton  types. 
These  shales  weather  into  ravines  between  the  sandstones  of  the 
Dakota  below  and  the  Niobrara  above. 

Niobrara, 

In  the  Niobrara  gray  sandstones  predominate,  though  there  are 
beds  of  shale.  This  differs  from  the  usual  character  of  this  forma- 
tion in  most  other  regions  where  it  has  been  observed.  It  has 
usually  been  described  as  being  composed  principally  of  limestone 
and  marl,  though  sometimes  containing  considerable  sand.  The 
sandstones  here  are  very  much  like  some  of  those  of  the  Laramie, 
and  near  the  middle  portion  are  seams  of  coal.  In  two  or  three 
places  I  looked  in  vain  for  any  well-preserved  plant  remains  in  the 
carbonaceous  shales  and  in  the  sandstones  above  and  below  the 
coal,  and  followed  ravines  cutting  through  the  prominent  sandstone 
ridges  without  finding  any  good  fossils.  However,  about  twenty 
miles  to  the  southeastward  a  few  plant  impressions  were  found — the 
best  of  which  was  apparently  a  Sequoia — in  beds  which  I  take  to  be 
Niobrara.  Undoubtedly,  by  careful,  continued  search,  a  fair  col- 
lection could  be  obtained. 

In  one  place,  where  Mud  Creek  cuts  through  the  formation,  the 
beds  approach  near  to  a  vertical  position.  I  should  not  estimate 
the  thickness  to  be  less  than  700  or  800  feet  here.  It  may  be 
more.  The  sandstones  form  a  prominent  ridge  where  they  are 
much  inclined.  These  ridges  are  sometimes  wooded,  though  the 
trees  are  usually  not  very  large  or  numerous. 

Fish  Creek  Beds, 

Above  the  Niobrara  are  beds  which  I  believe  to  belong  to  the 
Belly  River  formation,  but  until  they  are  certainly  correlated  with 
the  latter  I  give  them  the  above  name. 

They  are  best  exposed  between  Fish  Creek  and  Mud  Creek,  only 
a  few  miles  from  where  the  latter  empties  into  the  Musselshell 
River.  Here  they  are  nearly  horizontal,  while  the  underlying 
Niobrara  dips  at  a  considerable  angle  to  the  southward.  Farther  to 
the  east  and  west  I  did  not  notice  any  unconformity  between  the 
two  formations.  In  the  above-mentioned  locality,  where  they  are 
horizontal,  they  weather  into  "bad  land"  forms.  The  material  is 
principally  rather  soft  sandy  clay,  with  hard,  almost  black  concre- 
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tions  and  hard  sandstone  layers.  In  the  latter  there  are,  in  some 
places,  plant  impressions.  The  softer  layers  contain  fossil  wood, 
bivalve  mollusks,  turtles  and  bones  of  Dinosaurs  of  the  genus 
Ciaosaurus,  The  bones  are  generally  petrified  and  occur  also  in 
the  dark  concretions  which  also  contain  plant  remains.  Though 
they  are,  as  a  rule,  excellently  preserved,  yet  sometimes  there  is 
what  seems  to  be  a  good  portion  of  a  Dinosaur  broken  into  myriads 
of  little  fragments.  The  beds  are  probably  either  fresh  or  brackish 
water. 

This  formation  was  observed  in  several  places  in  this  region,  and 
in  all  there  were  bone  fragments ;  but  we  found  no  other  equally 
good  exposures.  About  twenty- five  miles  to  the  southeast,  in  the 
Lake  Basin  north  of  Columbus,  the  formation  lying  immediately 
below  the  Fort  Pierre  in  one  place  has  a  considerable  thickness  of 
sandstone  containing  petrified  logs,  but  only  one  or  two  small 
fragments  of  bone  were  found.  Some  of  the  plants  of  this  forma- 
tion are  related  to  Sequoia.  The  bivalve  shells  were  so  fragile  as 
to  crumble  with  the  sofk  matrix  in  which  they  were  imbedded. 

Lying  over  these  beds  is  a  series  of  shales  and  hard  laminated 
sandstones.  Some  fossil  leaves  were  seen  in  the  latter.  A  series  of 
dark  shales,  perhaps  thirty  feet  thick,  was  carefully  examined.  The 
shales  were  full  of  carbonaceous  plant  fragments,  and  some  fairly 
good  leaves  were  found  in  the  thin  interbedded  layers  of  sand  or 
sandy  concretions.  I  do  not  know  whether  these  beds  should  be 
put  in  this  series  or  in  the  Fort  Pierre.  I  think  it  better  to  consider 
them,  until  they  are  more  thoroughly  explored,  as  belonging  to  the 
Fish  Creek  series. 

Fort  Pierre, 

Above  the  beds  just  described  are  the  Fort  Pierre  shales.  This 
represents  a  well-distinguished  horizon,  so  well  marked  by  lithologi- 
cal  characters  and  by  characteristic  fossils  that  its  position  is 
beyond  doubt.  The  description  of  the  Pierre  in  Colorado,  Wyom- 
ing, etc.,  would  answer  almost  equally  well  for  the  formation  here. 
Dark,  soft  shales  predominate.  There  are  occasional  thin  bands  of 
sand  and  many  brownish  concretions  which  break  into  angular 
fragments.  These  sometimes  contain  marine  fossils  and  sometimes 
a  network  of  calcite  seams.  The  best  preserved  invertebrate  fossils 
are  in  these  concretions.  The  shells  are  those  of  Ammonites^  BacU" 
litesy  Scaphitesy  Nautili,  and  small  Gasteropods  and   Cephalopods. 
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Some  hard  limestone  concretions  are  crowded  with  these  small 
molluscs. 

What  distinguishes  the  Pierre  here  from  that  in  other  places  is 
the  presence  of  many  vertebrate  fossils.  Several  Mosasaurs  have 
been  found.  In  the  summer  of  1900,  Mr.  Albert  Silberling  and  I 
found  portions  of  two  individuals,  including  a  skull.  In  the  sum- 
mer of  1901,  the  Princeton  Expedition  in  charge  of  Dr.  M.  S.  Fan- 
procured  a  nearly  complete  skeleton  except  the  skull. 

But  the  most  interesting  fossil  remains  are  those  of  the  Dinosaurs, 
They  have  been  found  to  be  more  numerous  here  than  the  Mosa- 
saurs, The  greater  number  of  them  belong  to  the  genu§  Claosaurus 
and  apparently  to  described  species.  Two  portions  of  skeletons 
belong  to  quadrupedal  type,  probably  to  the  Ceratopsidtc.  A  Clao- 
saurus skull  and  the  greater  part  of  the  skeleton  was  obtained  for 
the  Princeton  Museum  last  summer  (1901).  The  digging  was  easy, 
but  the  removal  of  the  bones  was  slow  and  tedious,  as  they  had  to 
be  hardened.  Nodules  had  formed  around  some  of  them,  but 
many  were  in  clear  shale.  The  skeleton  was  just  above  a  layer  of 
yellowish,  partly  consolidated  sandstone  two  or  three  inches  in 
thickness.  There  were  some  thin  layers  or  lenses  in  the  shale,  in 
which  the  remains  were  imbedded.  There  was  also  a  minute  seam 
of  coal  not  thicker  than  cardboard.  Cones  or  ends  of  twigs  of 
what  appeared  to  be  Sequoia^  Ammonites,  Scaphites,  Baculites  and 
other  molluscs,  and  shark's  teeth  were  found  in  the  matrix  while 
removing  the  skeleton.  Only  the  teeth  and  a  few  of  the  shells 
could  be  preserved,  as  the  fossils  in  the  shale  disintegrated  on 
exposure  to  the  sun  and  rain.  The  deeper  into  the  shale  excavation 
was  made,  the  larger  the  flakes  into  which  it  would  break.  Quite  a 
number  of  other  portions  of  skeletons  were  found  during  this  and 
the  previous  year.  Often  the  bones  are  solid,  though  lying  among 
the  grass  roots,  where  the  soil  is  composed  of  the  disintegrated 
shales.  Sometimes  the  nodules  surrounding  the  bones  are  very  hard 
and  flinty. 

The  finding  of  Dinosaur  T^md\n^  in  these  marine  beds  was  un- 
expected, but  the  sea  was  evidently  shallow.  In  some  places  there  is 
much  gypsum  in  good-sized  crystals,  or  in  minute  ones  scattered 
through  the  shales. 

The  Pierre  beds  being  soft,  have  weathered  into  depressions. 
They  are  usually  covered,  except  in  restricted  portions,  with  a  good 
growth  of  grass,  but  are  treeless  except  for  a  few  small  willows  or 
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cottonwoods  that  occasionally  grow  along  the  streams.  They  make 
grass-clad  rolling  prairies,  with  small  ravines  cutting  into  the  soft 
shales. 

The  transition  beds  between  the  Fort  Pierre  and  Fox  Hills  arc 
usually  obscured  by  the  material  washed  down  from  the  bluffs  of 
the  latter ;  but  on  the  ranch  of  Mr.  B.  Forsythe,  near  the  head  of 
a  branch  of  Big  Coulee  Creek,  they  can  be  nicely  seen.  The  shales 
gradually  become  more  sandy,  and  contain  bands  of  sandstone 
until  the  latter  predominates  and  the  shales  become  shaly  sand- 
stones or  sandy  clays.     In  them  I  found  no  trace  of  fossils. 

Fox  Hills. 

In  this  formation  the  hard  sandstones  form  a  prominent  ridge 
adjoining  the  depression  made  by  the  Pierre.  It  is  the  next  promi- 
nent ridge  above  the  Niobrara.  I  have  followed  its  base  for  about 
thirty-five  or  forty  miles.  In  only  one  place  was  there  any  confusion 
or  any  difficulty  in  tracing  it,  and  this  was  caused  by  some  change 
in  the  geological  structure  obscuring  the  Pierre  shales.  The  out- 
crop extends  southeast  and  northwest.  It  forms  the  southern  rim 
of  the  Lake  Basin.  It  furnishes  many  springs  which,  uniting  their 
waters,  produce  little  streams  that  cut  through  the  rocky  ridge  and 
flow  out  upon  the  Pierre  flats.  In  the  Fish  Creek  region  they 
empty  into  Fish  Creek.  In  the  Lake  Basin,  if  the  water  does  not 
soak  into  the  ground,  they  flow  into  the  land-locked  lakes.  Where 
the  streams  form  little  caftons  and  ravines  through  the  Fox  Hills 
strata,  they  are  fringed  with  trees  and  shrubbery.  In  little  valleys 
and  amphitheatres  there  are  often  springs  surrounded  by  groves, 
which  are  very  picturesque,  and  in  the  heat  of  summer  these  places 
form  a  delightful  retreat  from  the  almost  treeless  wastes  around. 
The  trees,  which  are  principally  evergreens,  cottonwoods,  poplars 
and  willows,  follow  the  streams  a  little  way  toward  the  Pierre  flats 
and  then  disappear. 

Though  these  beds  usually  appear  to  be  sandstone  ridges,  yet  in 
places  where  conditions  of  weathering  are  favorable  they  are  seen 
to  contain  much  sandy  clay,  and  in  places  for  a  short  distance 
resemble  "bad  land"  forms. 

Fossil  leaves  and  reptilian  bone  fragments  were  found  in  consid- 
erable abundance.  Dr.  Farr  brought  back  some  of  the  fossil  leaves, 
but  they  have  not  yet  been  determined.  Most  of  the  bones  are  too 
fragmentary  to  be  of  much  use.     Some  teeth  were  recognized  as 


214     DOUGLASS — CRETACEOUS  AND  LOWER  TERTLARY.      [Aprils 

belonging  to  Ciaosaurus,  The  only  fossil  plant  we  were  able  to 
recognize  in  the  field  was  a  species  of  Saiisburia, 

Though  this  is  probably  still  below  the  Laramie — at  least  there 
are  thousands  of  feet  of  what  is  apparently  Laramie  above  it — yet 
this  is  the  highest  level  in  which  we  found  Dinosaur  xtvazAV^  in  this 
region.  This  is  interesting,  as  in  other  regions  the  Claosaurs^  with 
one  exception,  have  come  from  beds  which  have  been  supposed  to 
be  above  the  Fox  Hills. 

It  is  not  certain  just  where  the  Fox  Hills  ends  and  the  Laramie 
begins.  It  is  possible  that  these  bones,  or  at  least  some  of  them, 
are  in  the  lowest  Laramie ;  but  as  the  two  formations  represent 
differences  in  conditions  of  depositions  rather  than  difference  in 
age^  as  distinguished  by  change  or  progression  of  the  fauna  or  flora, 
it  is  not  so  essential,  except  as  bearing  on  the  more  interesting  ques- 
tion of  the  extinction  of  a  very  remarkable  class  of  animals  and 
the  occupation  of  their  territory  by  a  class  that  had  for  millions  of 
years  held  a  subordinate  position. 

Above  the  Pierre,  in  the  Fish  Creek  region,  are  alternations  of 
dark  shales  and  gray  sandstones.  In  places  the  sandstone  is  warped, 
twisted  or  made  up  of  imperfectly  concentric  layers.  Above  these 
are  brownish  laminated  and  greenish  or  brownish  unlaminated 
sandstones  and  sandy  clays.  Provisionally,  I  place  the  base  of  the 
Laramie  above  these  latter  beds.  They  contain  fossil  leaves  and 
bone  fragments. 

Laramii* 

The  lowest  beds,  which  are  here  taken  to  be  Laramie,  are  a  series 
of  alternating  various-colored  shales  and  gray  unlaminated  sand- 
stones. There  are  several  hundreds  of  feet  of  these  and  no  fossils 
were  found  in  them.  There  are  in  some  layers  brownish  concre- 
tions, some  of  which  are  large  and  composed  of  sandstone.  These 
beds  form  a  depression,  but  not  so  low  as  that  of  the  Pierre  shales. 

Over  these  lies  about  an  equal  thickness  of  similar  sandstones  and 
gray  shales.  The  former  are  harder  and  form  a  bench  or  ridge. 
There  are  several  thin  seams  of  coaly  matter  and  the  shales  hold 
impressions  of  ferns  and  other  delicate  plants  different  from  what 
we  observed  elsewhere. 

Near  or  at  the  top  of  this  series  there  are  at  least  two  layers 
containing  non-marine  fossils.  In  one  of  the  fossils  are  principally 
GasUropods   and    in    the    other    bivalves — ^probably     Umo.      It 
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is  said  that  this  layer  extends  for  twenty  miles  up  Fish  Creek, 
but  I  have  not  tried  to  trace  it,  so  do  not  know  whether  it  is  con- 
tinuous or  not.  It  is  also  said  that  these  fossils  gave  the  Mussel- 
shell River  its  name.  Here  we  may  be  quite  sure  that  we  are  in  the 
Laramie,  for  fresh  or  brackish  water  conditions  prevail,  but  it  prob- 
ably extends  between  looo  and  2000  feet  below. 

Still  higher  are  shales  forming  a  flat  or  depression,  above  which 
are  conical  hills  or  hog-backs — the  remains  of  dissected  ridges  cut 
through  by  ravines  and  by  streams  which  are  fed  by  springs  in  the 
Fort  Union  sandstone  above.  These  hills  or  ridges  are  capped  with 
brownish,  compact,  laminated  sandstone.  No  fossils  were  seen 
except  fragments  of  wood  in  the  shale. 

Above  these  sandstones  dark  shales  again  predominate.  I  cannot 
tell^  at  least  without  more  careful  study  and  observation,  where  the 
Laramie  terminates  and  the  Fort  Union  begins.  In  fact,  it  looks 
as  if  there  were  in  this  section  almost  continuous  deposition  from 
the  Jurassic  up.  We  found  here  no  traces  of  the  volcanic  material 
of  the  Livingston  formation,  which  only  thirty  or  forty  miles  to  the 
southwest  is  so  well  developed.  It  appears  that  here  deposition 
went  on  quietly  and  uninterruptedly.  There  is  little  doubt  that 
part  of  the  strata  were  deposited  synchronously  with  those  of  the 
Livingston.  Here,  so  far  as  we  have  discovered,  as  in  other  places. 
Nature  has  left  no  waymarks  and  laid  down  no  boundary  line  to 
distinguish  between  the  great  "  Age  of  Reptiles  "  and  the  **  Age  of 
Mammals."  There  appears  to  be  no  sign  of  the  disturbance  that 
is  supposed  to  have  closed  the  Mesozoic  and  brought  in  a  new  order 
of  things ;  yet  only  a  few  miles  away  there  was  a  region  of  upheaval 
and  of  intense  volcanic  activity.  The  strata  in  the  section  under 
consideration  have  been  disturbed,  but  the  Tertiary  beds  are  also 
involved  in  the  upheaval.  Perhaps  microscopic  or  chemical  exam- 
ination may  reveal  the  presence  of  fine  volcanic  material  here. 

Mr.  W.  Lindgren  made  three  diflferent  measurements  of  the  Lara- 
mie to  the  eastward  of  this  region  (see  Tenth  Census  of  the  United 
States,  Vol.  XV,  p.  744).  In  none  of  these  does  he  make  the 
thickness  of  the  Lower  Laramie  to  be  less  than  7000  feet.  I  do  not 
think  that  this,  as  C.  A.  White  *  thinks  probable,  includes  the  Belly 
River,  or  anything  lower  than  Fort  Pierre.  Lindgren's  Upper 
Laramie,  or  Bull  Mountain  series,  is  probably  Tertiary — apparently 

1  «•  Correlation  Paper,  Cretaceous, "  BulL  SJ^  U,  S.  GeoL  Survey,  p.  174. 
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Fort  Union.  What  is  supposed  to  be  Laramie  in  the  present  sec- 
tion is  very  thick,  probably  approximating  that  of  Lindgren's 
measurements.  But  here,  as  everywhere  else,  the  boundaries  of  the 
Laramie  are  uncertain.  Here,  however,  we  have  it  confined  be- 
tween certain  limits.  We  have  below  a  characteristic  Fort  Pierre 
fauna  and  above  a  characteristic  Fort  Union  flora.  Just  how  much 
of  that  which  intervenes  is  Laramie  is  not  known.  I  have  no 
doubt  that  here  deposition  was  going  on  at  the  same  time  as  that  of 
not  only  the  Livingston,  but  also  of  the  Arapahoe  and  Denver  beds. 
Whether  these  beds  will  ultimately  be  assigned  to  the  Upper  Lara- 
mie, or  included  in  a  separate  formation,  depends  upon  the  results 
of  future  careful  investigation. 

Tertiary. 
Fort  Union. 

The  dark  shales  just  mentioned  continue  upward,  changing  little 
in  character ;  but  brown  concretions  become  numerous,  then  layers 
containing  shells  of  bivalve  Mollusca,  then  occasional  layers  of 
sandstone,  and  above  these,  often  capping  the  bluffs,  heavy  gray 
sandstones,  usually  hard,  sometimes  laminated  and  sometimes  mas- 
sive. Above  this  I  cannot  speak  definitely,  but  think  that  the  Fort 
Union  continues  much  higher.  The  strata  from  the  top  of  the  bluffs 
south  of  Fish  Creek,  which  make  a  bench  sloping  toward  Sweet- 
grass  Creek  in  the  direction  of  Melville,  perhaps  belong  to  higher 
members  of  this  formation.  The  strata  are  not  always  continuous 
for  great  distances,  but  vary  locally ;  yet  a  general  description  can 
be  given  that  will  apply  fairly  well  to  the  beds  examined.  There 
are  dark  gray  shales  that  in  many  places  weather  to  thin,  flaky 
particles  on  the  surface.  The  wind  blows  away  this  light  material 
and  leaves  bare  depressions  without  vegetation.  The  sandstones 
are  usually  hard,  sometimes  massive  or  imperfectly  bedded,  and  in 
some  places  break  into  great  blocks,  which  tumble  down  the  steep 
sides  of  the  bluffs. 

In  the  Fish  Creek  region  these  heavy  sandstones,  which  lie  above 
the  soft  shales,  form  a  long  line  of  rugged  bluffs  extending  along 
the  south  side  of  the  creek  from  the  neighborhood  of  Porcupine 
Butte  eastward  for  twenty-five  or  thirty  miles;  then  it  extends 
southeastward,  probably  forming  the  divide  between  the  Sweetgrass 
on  the  southwest  and  the  southern  branches  of  Fish  Creek  and  Big 


1902.]        DOUGLASS— CRETACEOUS  AND  LOWER  TERTIARY.        217 

Coulee  Creek ;  but  I  have  not  examined  all  of  this  territory.  I  ex- 
amined hastily  the  beds  on  Sweetgrass  Creek  east  and  a  little  north 
of  Big  Timber,  where  I  made  a  collection  of  fossil  leaves.  The 
remains  of  a  turtle  were  also  found  in  the  shale. 

The  portion  of  the  Fort  Union  described  in  this  paper  apparently 
represents  the  upper  portion  of  the  Crazy  Mountain  section,  as 
given  by  Weed  in  the  American  Geologist  oi  October,  1896. 

Fossil  plants,  Unios  and  Gasteropods,  are  abundant  and  may 
occur  in  any  part  of  the  beds  favorable  for  their  preservation.  Last 
summer  C1901)  determinable  Mammalian  remains  were  found.  As 
is  well  known,  the  exact  position  of  these  beds  has  been  a  matter  of 
some  doubt  and  difference  of  opinion.  They  have  usually  been 
assigned  to  the  Tertiary,  though  they  have  been  placed  as  low  as 
the  Cretaceous  and  as  high  as  the  Miocene. 

The  bones  and  teeth  of  Mammals  which  were  found  *  are  not 
numerous,  but  are  sufficient  to  show  that  the  beds  are  of  nearly  the 
same  age  as  the  Torrejon  of  New  Mexico.     They  are : 

Mioclanus  acolytus  (Cope). 

Anisonchus  very  near  to  A.  sectorius  Cope. 

Euprotogonia puercensis  (Cope). 

Pantolambda  cavirictis  (?). 

Pantolambda  (?),  a  small  species. 

Some  others  are  doubtful. 

I  felt  very  certain  that  these  beds  were  Fort  Union,  but  to  settle 
the  matter  forever  and  leave  no  room  for  a  shadow  of  doubt,  a  box 
of  fossil  leaves  was.  sent  to  Mr.  F.  H.  Knowlton,  of  the  United 
States  Geological  Survey.  Mr.  Knowlton  examined  them  at  once 
and  sent  me  a  list,  which  I  quote : 

FterospermiUs  cupanioides  (Newb.)  Knowlton. 

Populus  speciosa  Ward. 

Populus  amblyrhyncha  Ward. 

Ulmus  orbicularis  ?  Ward. 

Vitis  xantholiihensis  Ward. 

Populus  daphnozenoides  Ward. 

Populus  arctica  ?  Heer. 

Plaianus  aceroides  Gopp. 

Celastrus  sp. 

Grewia  crenata  (Ung.)  Heer. 

1   Science,  February  14,  1902, pp.  272,  273. 
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Viburnum  asperum  ?  Newb. 

Populus  cuneata  Newb. 

Populus  sp. 

Platanus  nobilis  Newb. 

Platanus  basilobata  Ward. 

Viburnum  sp. 

Paliurus  sp. 

Grewiopsis  viburnifolia  Ward. 

Populus  ?  n.  sp. 

Mr.  Knowlton  says :  '*  The  species  are  all  Fort  Union  beyond  a 
doubt." 

Of  a  few  shells  which  I  enclosed,  he  writes:  "The  shells  I 
showed  to  Mr.  Stanton,  and  he  says  that  the  two  large  ones  are 
Unio  Couesi  White ;  and  the  other  pretty  near  to  Unio  Endliihi 
White." 

The  Mammals  were  found  in  the  shale.  The  collection  of  fossil 
leaves  was  made  in  the  sandstone  a  little  higher  up,  though  there 
are  concretions  and  layers  of  sandstone  that  contain  leaves  in  the 
same  beds  as  the  Mammalian  remains.  A  portion  of  the  collection 
was  obtained  on  Sweetgrass  Creek  north  of  east  of  Big  Timber,  in 
the  locality  mentioned  above. 

General  Observations. 

The  problem  of  greatest  interest  connected  with  the  study  of 
this  section  is  that  relating  to  the  transition  from  Mesozoic  to 
Cenozoic  times.  Of  course,  if  deposition  had  been  continuous,  or 
nearly  so,  and  there  were  no  great  faunal  or  floral  migrations,  there 
could  be  no  distinct  boundary  between  the  two.  There  is  a  great 
difference  between  the  Cretaceous  as  a  whole  and  the  Tertiary  as  a 
whole,  but  where  are  we  to  draw  the  line?  If  there  was  a  time  of 
widespread  or  general  upheaval  throughout  the  western  portion  of 
the  continent,  or  of  the  Rocky  Mountain  region,  this  might  form 
a  convenient  division.  Upheavals  and  great  volcanic  activity  cer- 
tainly occurred  in  restricted  localities,  but  we  cannot  at  present 
prove  that  such  were  general  or  that  they  did  not  occur  in  diflferent 
places  and  at  different  times.  If  we  could  point  to  any  time  when 
the  Dinosaurs  ceased  to  be  and  the  higher  orders  of  Mammals  took 
their  places,  then  the  matter  would  be  easy ;  but  heretofore  most  of 
the  Cretaceous  Dinosaurs^  in  fact  nearly  all  of  them,  have  been 
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supposed  to  come  from  the  uppermost  portion  of  the  Cretaceous — 
the  Laramie — but  the  other  fossils  found  in  these  beds  have  not 
been  of  a  character  to  settle  the  doubt  concerning  the  horizon. 
There  is  no  direct  proof  that  the  Dinosaurs  died  out  before  higher 
forms  of  Mammals  became  numerous.  Though  they  have  not  yet, 
so  far  as  I  know,  been  found  in  the  same  beds,  yet  there  seems  good 
reason  for  believing  that  Dinosaurs  were  contemporaneous  with 
Puerco  Mammals.  Were  it  not  for  the  "Ceratops  fauna"  and  the 
discovery  of  a  few  specimens  in  the  eastern  United  States  and  one 
in  Kansas,  we  should  say  that  the  Dinosaurs  died  out  at  the  end  of 
the  Jurassic.  It  would  seem  that  if  anything  had  a  chance  of  being 
preserved  it  would  be  the  large,  solid  bones  of  these  animals ;  yet 
there  are  miles  of  thickness  of  strata  and  thousands  of  square  miles 
of  exposure  of  Lower  Cretaceous,  Dakota  and  Colorado  beds,  and 
nothing,  I  believe,  has  been  found  to  tell  that  these  animals  still 
lived  in  this  great  Cordilleran  region,  except  the  type  of  Claosaurus 
agiiis  from  the  Niobrara  of  Nebraska.  This  rock  must  represent 
many  millions  of  years  in  which  Dinosaurs  lived,  flourished  and 
progressed.  To  our  view  they  disappear  in  their  glory,  and  after 
ages  appear  again  in  glory  but  transformed ;  again  they  suddenly 
disappear  and  we  see  them  no  more.  The  morning,  midday  and 
evening  of  their  splendor  is  lost  to  us.  Until  the  discovery  of  the 
beds  described  in  this  paper  almost  nothing  was  known  of  them  in 
the  Montana  formation,  at  least  the  beds  from  which  they  had  been 
collected  had  not  been  considered  as  belonging  to  that  age.  The 
point  the  writer  wishes  to  make  is  this:  It  is  extremely  unsafe  to 
say  when  and  where  these  strange  reptiles  breathed  their  last,  for 
the  presence  of  fossils  is  certain  evidence  of  the  existence  of  life, 
but  the  lack  of  them  is  no  evidence  of  its  absence.  Dinosaurs  may 
have  continued  long  in  the  Eocene,  but  conditions  in  the  places 
where  so  many  Mammalian  remains  have  been  found  may  not  have 
been  favorable  for  them. 

I  think  we  can  hardly  account  for  the  general  absence  of  Dino- 
saur remains  in  the  Kootenai  and  Upper  Cretaceous,  below  the 
Laramie,  by  the  beds  being  in  part  marine.  Much  of  the  strata  is 
evidently  fresh  or  brackish  water.  We  should  hardly  expect  to  find 
them  in  the  Benton  and  Fort  Pierre  shales  associated  with  large  ma- 
rine Mollusca,  yet  as  previously  stated  we  do  find  them  in  the  latter. 
This  proves  that  these  animals  lived  near  the  sea  or  where  they 
could  float  into  it.     Why  don't  we  get  them  then  in  the  many 
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thousands  of  feet  of  sandstone  which,  if  marine,  must  be  near-shore 
deposits?  It  is  true  that  any  day  we  may  hear  of  their  being  found 
in  some  of  these  strata,  and  we  may  also  hear  of  their  being  found 
in  Eocene  strata,  if  they  have  not  been  found  there  already. 

As  shown  by  this  paper,  the  presence  of  Ciaosauridcey  and  proba- 
bly of  Ceratopsida,  is  far  from  showing  that  the  beds  in  which  they 
are  found  are  as  late  as  Laramie — I  mean  as  the  Laramie  as  it  is 
understood.  It  is  true  that  the  Fort  Pierre,  and  in  some  places  the 
Fox  Hills  with  it,  represents  an  incursion  of  the  sea,  and  that  con- 
ditions of  life  were  not  greatly  different  during  the  time  of  the 
deposition  of  the  Belly  River  beds  from  what  they  were  in  the 
Laramie. 

At  present  the  fossil  plants,  together  with  orographic  movements 
and  their  results  when  they  occur,  are  the  only  things  we  can  use  to 
distinguish  these  doubtful  formations  as  the  Laramie,  Livingston, 
Denver,  etc.  The  plants,  on  account  of  mixtures  of  the  flora  of 
different  horizons  in  collecting,  have  not  been  available  for  use  until 
the  material  has  been  carefully  separated.  As  Mr.  Knowlton  has 
been  doing  this  work,  his  forthcoming  monograph  on  the  Flora  of 
the  Laramie  and  Allied  Formations  will  be  looked  for  with  interest. 

There  is  not  much  doubt  that  the  Livingston  in  Montana  repre- 
sents the  upper  portion  of  what  has  been  called  the  Laramie  in  the 
plains  region  farther  to  the  east.  Both  have  Laramie  strata  below ; 
both  are  overlaid  by  Fort  Union  beds.  In  Colorado  it  seems  that 
the  Arapahoe,  and  probably  the  Denver,  or  the  greater  part  of  it, 
sustains  the  same  relation  to  Laramie.  Mr.  Knowlton  says :  "  From 
these  considerations  it  appears  beyond  question  that  the  flora  of 
the  Livingston  formation  finds  its  nearest  relationship  with  the  Den- 
ver beds  of  Colorado,"  *  If  the  Livingston  and  Denver  are  of  the 
same  age,  as  has  for  some  time  been  suspected,  then  the  Denver 
must  be  older  than  the  Fort  Union,  and  therefore  older  than  the 
Torrejon.  With  its  apparently  Cretaceous  Vertebrate  fauna,  we  are 
not  warranted  at  present  in  placing  the  Denver  much  higher  than 
the  Livingston.  It  may  be  in  part  contemporaneous  with  the  Fort 
Union. 

The  Puerco  should  be  nearly  of  the  same  age,  as  it  lies  between 
Laramie  and  Fort  Union  (Torrejon)  strata. 

Below  is  given  a  table  which  is  intended  to  show  the  probable 

1  Bull,  105,  U,  S,  GeoL  Survey,  p.  63. 


1902.1      DOUGLASS — CRETACEOUS  AND  LOWER  TERTIARY.         221 

relations  in  time  of  the  formations  under  consideration  concerning 
which  there  is  doubt : 

Table  Shoiuing  Probable  Relations  of  the  Laramie  and  Overlying 
Beds  in  Different  Regions. 


Cretaceous,  Tertiary, 


Laramie  of  King 
In  Wyoming ^m^b^^b^^^h^^b^h^ 

Laramie  Fort  Union 

Plains    of   Montana ^^m^^m^^^^^^mm^mm^m^mm^m^^^^mm^i^ 


Laramie  Livingston  j      Fort  Union 

Crazy  Mts.,  Montana mmmhmb^ihi^ ^^m^^t^^m^mmm^^^m^^ 


Laramie        Arapahoe       Denver; 
Denver  Basin ^^^^^       m^^^^^      ^^h^^b- 

Laramie  Puerco  Torrejon 

Puerco  River,  N.  Mex ; 


The  names  given  are  the  ones  by  which  the  different  divisions 
have  been  called.  There  does  not  seem  to  be  much  doubt  that  the 
Livingston,  Denver,  Puerco,  etc.,  are  contemporaneous  with  what 
in  other  places  has  been  assigned  to  the  upper  portion  of  the  Lara- 
mie. Whether  all  will  be  included  in  the  Laramie  later  will  de- 
pend on  the  results  of  further  careful  investigation.  I  have  indi- 
cated the  doubtful  division  between  the  Cretaceous  and  Tertiary  by 
a  dotted  vertical  line  passing  between  the  Livingston  and  Fort 
Union  and  between  the  Puerco  and  Torrejon,  or  approximately  so, 
not  claiming  that  the  time  division  line  between  the  two  sets  of 
strata  would  fall  exactly  in  the  same  place.  The  horizontal  parallel 
lines  are  intended  to  represent  contemporaneity  of  deposition. 
Deposition  in  the  Denver  Basin  was  not  continuous  and  the  blank 
spaces  indicate  non-deposition.  The  broken  or  dotted  lines  indi- 
cate probable  continuity. 

Remarks  on  the  Fossil  Mammals. 

The  mammals  are  represented  by  about  a  half  dozen  species. 
Five  of  these  are  represented  by  teeth.     Almost  any  one  of  these 
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taken  alone  would  strongly  incline  one  to  the  belief  that  the  form- 
ation containing  them  is  contemporaneous  with  the  Torrejon  of 
New  Mexico.  This  is  made  still  stronger  by  nearly  every  specimen. 
There  are  a  radius  and  ulna  which  are  different  from  any  found  in 
New  Mexico,  so  that  they  cannot  be  assigned  to  any  genus  with  cer- 
tainty, and  there  is  a  premolar  much  like  that  of  Pantolambda,  but 
indicating  an  animal  much  smaller  than  any  species  of  that  genus, 
to  which,  however,  I  refer  it  with  doubt.  The  other  four  are 
cogeneric  if  not  cospecific  with  Torrejon  forms. 

Mioclanus  acolytus  (Cope).     (Plate  XXIX,  Figs.  9  and  10.) 

This  is  represented  by  a  small  portion  of  a  mandible  with  a  molar 
tooth  which  is  almost  unworn.  The  anterior  cusps  are  connate  at 
base  and  much  higher  than  the  posterior  ones. 

Amsonchus  Cope.     (Plate  XXIX,  Figs.  3-5.) 

This  is  also  represented  by  a  portion  of  a  mandible.  There  are 
two  teeth,  a  fourth  premolar  and  a  first  molar.  They  are  of  nearly 
equal  length.  In  size  and  character  the  teeth  are  nearly  like  A. 
secforius  Cope.     It  may,  however,  be  another  species. 

Euprotogonia  puercensis  (Cope).     (Plate  XXIX,  Figs.  6-^.) 

Represented  by  a  third  premolar  and  a  second  molar  of  the  right 
side  and  a  third  molar  of  the  left.  The  molars  differ  somewhat 
from  the  type.  Matthew  has  carefully  studied  the  many  specimens 
in  the  American  Museum  collection  and  finds  a  wide  range  of  varia- 
tion in  the  teeth,  but  no  constant  characters  that  will  serve  to  sepa- 
rate the  various  forms  which  Cope  has  named.  Of  the  many  speci- 
mens no  two  appear  to  be  exactly  alike.  I  have  compared  the 
present  specimens  with  those  in  the  above  collection  and  find  that 
they  do  not  differ  so  much  from  some  of  the  American  Museum 
specimens,  as  the  latter  vary  among  themselves.  What  comes  near- 
est to  being  a  distinguishing  character  is  the  smallness  of  the  hypo- 
cone  as  compared  with  the  protocone,  but  this  is  at  least  nearly 
paralleled  by  some  of  the  above  named  specimens. 

Pantolambda  (?)     (Plate  XXIX,  Figs,  i,  2,  14.) 

There  are  the  greater  portions  of  a  radius  and  ulna,  and  two 
phalanges  which  are  different  from  anything  described  from  the 
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Torrejon.  They  more  resemble  in  some  respects  the  corresponding 
bones  of  Coryphodon, 

The  ulna  is  much  larger  than  the  radius,  is  broad  antero-poste- 
riorly  but  narrow  transversely.  The  upper  portion  of  the  olecranon 
is  broken  off,  but  a  cross  section  above  the  glenoid  cavity  is  trian- 
gular with  the  anterior  edge  thin.  The  sigmoid  cavity  is  convex 
transversely.  The  outer  portion  is  much  less  convex  longitudinally 
than  the  inner  \  it  extends  lower  and  its  upper  portion  makes  an 
oblique  emargination  on  the  outer  side  of  the  olecranon.  There  are 
two  fairly  large  surfaces  for  articulation  with  the  radius.  The  upper 
outer  surface  of  the  bone  has  a  quite  deep  longitudinal  furrow  which 
dies  out  near  the  middle  of  the  shaft.  The  inner  surface  is  longi- 
tudinally concave  from  the  olecranon  to  the  enlargement  near  the 
distal  end  of  the  bone,  where  there  is  considerable  swelling  and 
roughening.  The  distal  articular  surface  is  elliptical,  slightly  con- 
cave palmo-dorsally  and  convex  transversely.  This  surface  is  very 
slightly  oblique  to  the  long  axis  of  the  bone. 

The  radius  is  subcylindrical  above.  The  head  is  partly  broken, 
but  the  surface  for  articulation  with  the  humerus  is  shallow  and 
appears  to  have  been  nearly  circular.  There  is  a  longitudinal 
roughening  on  the  ulnar  side,  to  correspond  with  similar  rugosities 
on  the  radial  side  of  the  ulna.  Below  these  is  a  rugosity  on  the 
antero-inner  side  of  the  radius  and  on  the  opposite  side.  The  bone 
has  the  appearance  of  being  twisted  on  itself.  The  form  of  the 
bone  suggests  freedom  of  motion  of  the  limb  other  than  a  fore-and- 
aft  movement. 

A  proximal  and  medial  phalanx  apparently  do  not  differ  greatly 
from  those  figured  in  Osborn's  paper  on  "  Evolution  of  the  Ambly- 
poda.''^ 

M. 

Length  of  ulna  from  upper  portion  of  glenoid  cavity  .1970 

Antero-posterior  diameter  at  middle  of  shaft       .  .0310 

Transverse  diameter  at  middle  of  shaft  .        .  .0143 

Transverse  diameter  of  shaft  of  ulna  at  middle  .  •0195 

Paniolambda  caviricHs  Cope  (?). 

Fragments  of  upper  jaw,  with  teeth  from  which  enamel  has  been 
removed.     The  size  is  nearly  the  same  as  the  corresponding  teeth 

»  Bull.  Amer.  Mus,  Nat,  Hist.,  Vol.  X,  p.  187. 
PROC.  AMER.  PHIL08.  80C.  XLI.   170.   O.      PRINTED  SEPT.  23,  1903. 
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of  P,  cavirictis^  and  there  is  nothing  to  distinguish  it  from  that 
species. 

Paniolambda  (?)  sp.     (Plate  XXIX,  Figs.  11-13.) 

An  upper  premolar,  much  smaller  than  P*  of  P,  bathmodon  or  P, 
caviricHs^  but  it  is  possible  that  it  may  be  a  P'  of  nearly  as  large  a 
form.  It  is  very  doubtful,  however,  whether  it  belongs  to  Panto- 
lambda  at  all.  The  protocone  is  more  conical,  the  outer  slope  on 
the  median  line  of  the  tooth  is  steeper  and  the  inner  less  so.  The 
outer  surface  near  the  base  of  the  crown  is  more  concave. 

A  canine  found  with  the  above  is  not  like  that  of  the  known 
species  of  Paniolambda^  but  can  hardly  be  distinguished  from  that 
of  modern  Carnivores.     It  probably  belongs  to  some  Creodont. 

Princeton  University,  May  24,  1902. 


Explanation  of  Plate  XXIX. 

Figs,  i  and  2.     Ulna  and  radius  possibly  belonging  to  some  species  of  Panio^ 

lambda,     J^  natural  sire. 
Figs,  3-5.     Anisonchus  sectorius  (?) 

Last  lower  premolar  and  first  lower  molar  with  portion  of  mandible.   Outer 
and  inner  view  of  mandible  and  upper  view  of  teeth.     X  2. 
Figs.  6-8.     Euprotogonia  puercensis, 

6.  Right  upper  second  molar,     x  2. 

7.  Left  upper  third  molar,     x  2. 

8.  Right  third  upper  premolar,     x  2. 
Figs.  9,  10.     Miodanus  acolytus. 

A  lower  molar  with  portion  of  a  mandible.     X  2. 
Figs.  II- 1 5.     PantolambJa  (1),    Upper  premolar,     x  2. 

13.  Canine  tooth  found  with  1 1. 

14.  Phalanx  found  near  I  and  2.     x  %» 

75.  Scale  of  Lepidosteus  found  with  mammals.     X  2. 
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Platexxix 


Fvlleraon    del. 


Fort  Union  Mammals. 
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AREOGRAPHY. 

BY  PERCIVAL  LOWELL. 
{Read  A/^il  4, 190S.) 

1.  Facts  familiar  to  the  specialist  are  often  credited  with  a  gen- 
eral appreciation  they  do  not  possess.  Immersed  in  his  own  line 
of  research,  the  investigator  forgets  that  others  are  not  as  intimate 
as  he  with  some  of  the  fundamental  points  of  his  inquiry,  and 
omits  as  truisms  what  to  others  are  not  even  known  for  truths. 
Areography  is  such  a  subject.  Probably  no  one  outside  of  the  pur- 
suit is  aware  how  cogent  is  the  conclusion  to  be  derived  from  an 
inspection  of  the  maps  that  have  been  made  of  the  planet,  as  to 
the  reality  and  the  relation  of  the  markings  there  depicted.  Nor 
was  it  indeed  till  after  I  had  compared  these  maps  with  some  par- 
ticularity that  certain  deductions  from  them  forced  themselves  upon 
me.  It  will  perhaps,  therefore,  not  be  unproductive  of  result  if  I 
present  at  this  general  meeting  a  collective  view  of  the  maps  which 
have  from  time  to  time  been  made  of  Mars  and  note  what  they 
imply.  IVIaps  speak  best  for  themselves,  and  with  very  slight  intro- 
duction can  be  made  to  tell  their  own  story  better  than  any  amount 
of  text. 

2.  Of  the  maps  here  brought  together,  the  earlier  are  taken 
from  Flammarion's  thesaurus  La  Pianite  Mars,  Proctor's  Dawes' 
map  from  his  own  book,  Schiaparelli's  from  his  memoirs  in  the 
Accademia  dei  Lincei,  and  the  later  ones  from  my  own  work.  Of 
these  latter,  that  for  1896-97  is  the  result  of  my  own  synthesis  of 
the  Flagstaff  and  Mexican  observations  of  the  Lowell  Observatory 
for  those  years,  while  the  ones  for  1898-99  and  1900-01  I  have 
but  just  completed,  and  they  appear  here  for  the  first  time. 

3.  All  the  maps  here  given  marked  in  their  day  the  point  that 
areography  had  then  reached.  With  but  two  exceptions,  that  of 
Flammarion  and  Proctor,  therefore,  they  represent  original  obser- 
vations made  by  the  maker  of  the  map  himself  or  under  his  direc- 
tion, and  show  in  procession  the  evolutionary  development  of  the 
subject.  Such  maps  as  failed  to  add  to  existing  knowledge  and  are 
valuable  merely  as  confirmatory  documents  have  not  been  included. 
On  the  other  hand,  no  map  which  materially  contributed  anything 
has  been  left  out.  Many  excellent  charts,  therefore,  have  had  to 
be  omitted,  not  always  because  they  presented  nothing  new,  but 
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because  contemporaneous  ones  included  practically  all  their  discov- 
eries with  additions.  Of  these,  CeruUi's  maps  of  1896-97  and 
189S-99  and  Flammarion's  of  1900-01  deserve  special  mention. 
The  omitted  maps  confirm,  not  invalidate,  the  conclusions  here 
drawn. 

4.  Twelve  maps  constitute  the  series.      Of  these  the  ordering 
chronologically  runs  thus : 

I.  Map  of  Beer  and  Madler  .        .  1840 

II.  Map  of  Kaiser  ....'.  1864 

III.  Map  of  Dawes,  by  Proctor    .  .  1867 

IV.  Map  r6sum6  by  Flammarion             .  1876 
V.  Map  of  Schiaparelli       ....  1877 

VI.  Map  of           " 1879 

VII.  Map  of           " 1881-82 

VIII.  Map  of           "            1883-84 

IX.  Map  of  Lowell 1894 

X.  Map  of  " 1896-97 

XI.  Map  of  "             1898-99 

XII.  Map  of  " 1900-01 

Mercator's  projection  is  used  in  all  the  maps.  The  zero  meridian 
is  in  the  same  point  on  the  planet  in  all  except  Kaiser's,  though 
that  meridian  does  not  always  fall  on  the  same  part  of  the  plate, 
being  in  I,  IX,  X,  XI  and  XII  on  the  extreme  left,  in  III,  IV,  V, 
VI,  VII  and  VIII  in  the  centre.  Beer  and  Madler's  map  is  given 
by  Flammarion  on  a  stereographic  projection  which,  for  the  sake  of 
inclusion  in  the  present  series  from  its  age  and  chronological  im- 
portance, has  been  changed  to  Mercator's.  All  other  circumpolar 
projections  have  been  omitted. 

5.  It  will  be  seen  from  inspection  of  the  maps,  and  would  be 
simply  corroborated  by  further  additions  to  the  list,  that  increase 
in  our  knowledge  of  the  surface  of  Mars  falls  naturally  into  four 
divisions  or  stages  of  development.  The  first  of  these  is  pre-carto- 
graphic ;  the  second  extends  from  1840  to  1877;  the  third  from  1877 
to  1892;  the  fourth  from  1892  to  the  present  day.  The  first  three 
of  these  divisions  correspond  to  those  given  in  Flammarion's  La 
Planete  Mars.     The  fourth  is  since  the  publication  of  that  booL 

6.  Near  the  end  of  the  several  periods  are  observations  which 
mark  the  dawn  of  the  next  to  come,  making  as  they  do  adumbra- 
tion of  phenomena  clearly  to  be  revealed  in  the  succeeding  stage. 
Though  not  themselves  the  detection  of  details  which  characterize 
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the  period,  they  make  transition  to  them.  Dawes  thus  made  twi- 
light to  the  third  period  in  1864;  W.  H.  Pickering  and  the  Lick 
observers  to  the  fourth  in  1892. 

7.  Distinct  phenomena  characterize  the  three  periods.  Patches 
of  light  and  shade  make  the  markings  shown  on  the  maps  of  the 
first  stage  of  cartography.  Of  a  piece  though  these  patches  are, 
their  shapes  appear  well  defined.  At  first  one  might  suppose  such 
to  be  due  to  the  handicraft  of  the  draughtsman  and  to  possess  no 
scientific  value.  But  inspection  of  the  several  charts,  one  after  the 
other,  shows  that  the  shapes  are  not  artistic  embodiments  of  ill-seen 
shadings,  but  are  intrinsic  traits  of  the  shadings  themselves,  for 
chart  after  chart  reproduces  the  same  turns  and  twistings. 

8.  To  see  this  we  have  but  to  take  up  in  sequence  the  maps  from 
1840  to   1876.     No.   I  of  the  series  shows  a  cordon  of  patches 

Fig.  I. 


Map  of  Beer  and  Midler,  1840. 


Stretching  round  the  map  at  about  30**  south  latitude.  Their  height 
is  greatest  at  90°  of  longitude,  and  from  this  slopes  down  through 
360®  to  20°  longitude,  whence  it  gradually  rises  to  the  maximum. 
At  the  point  of  maximum  is  an  oval  marked  out  by  broad  shading 
on  the  south,  by  narrow  penciling  on  the  north,  and  holding  a 
roundish  dark  spot  in  its  centre.  This  is  the  Solis  Lacus,  the  eye 
of  Mars.  To  the  right  of  it  follows  a  leech-like  patch,  the  Mare 
Sirenum  and  the  Mare  Cimmerium  seen  as  one.    After  this  comes 
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a  large  dark  area  in  the  shape  of  a  funnel,  the  Syrtis  Major.  Then 
a  ribbon  ending  in  a  scroll,  the  Sabaeus  Sinus,  the  adopted  zero 
point  of  Martian  longitudes. 


Fig.  2. 
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Map  of  Kaiser,  1864. 


Fig.  3. 


Map  of  Dawes,  by  Proctor,  1867. 


9.  In  map  No.  2,  Kaiser's,  all  these  features  can  be  followed, 
from  the  eye  with  its  eyebrow  and  the  curve  of  its  lower  lid  down 
through  the  chain  of  seas  back  to  the  oculus  again.  The  various 
other  dark  markings  on  the  map  can  be  similarly  identified. 
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lo.  A  very  different  set  of  phenomena  stamps  the  advance  made 
in  the  second  period.  Over  the  bright  portions  of  the  map  is  now 
drawn  a  network  of  fine  lines.  The  dark  patches  remain  as  before. 
These  singular  lines  are  what  are  known  as  the  "  canals  "  of  Mars. 
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Map  r^sum^,  by  Flammarion,  1876. 


Fig.  5. 
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Map  of  Schiaparelli,  1877. 


II.  The  second  period  was  the  work  of  Schiaparelli.     Of  it  are 
here  given  four  maps,  all  that  he  made  on  Mercator's  projection. 
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After  the  opposition  of  1883-84  he  drew  only  maps  with  the  pole 
for^  centre,  because  of  the  tilt  of  the  Martian  axis  which  exposed 
the  northern  regions  and  hid  the  southern  ones. 


Fig.  6. 
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Map  of  Schiaparelli,  1879. 
Fig.  7. 


r::|TxT;n 

Ufel  «    iLE 

n-Ttt^ 

■f-i 

^ 

JkiiPr^''''''i'^^''-'' 

*.  /■  ■■   . 

X         ; 

1  -i-  ■  '' 

a| 

^^^^P%-'  — 

^'   ^^■^^-'   ■ 

y  '  t 

■-  '■^■■■■■< 

tv^ 

HJK.'  eivTUini 

n,--'t" 

•'■-,- -^ 

3? 

ffk' 

*W3^  V  -^ .  ^^^^' Y-^  ^i 

■■  ^. "      ■   ■ 

Ji^^S^ 

/...rt.t.3 

*./ 

T^ 

iT 

•:^^i5^SK^ 

2E  ^^ 

■  1  i 

+  ' 

:  \;+-' 

iv 

V"^ 

t-:'  ■,..- 

f 

1 

;1  ^ 

*/%^^^Ta     jmrfNy  I  / 

^  '  ^  "^       If  y  1.  T      » 

^3  Si 

h-.. 

~'N 

i  V 

i"  nr^iwpfl  l^i-1  i 

Iffrk     *    r    J 

' '  *  ^  '^  fe  i 

rjii^  \ 

^ta^" 

"\ 

"tis 

Hf'' 

tSJL 

"•pftly^-^- 

ty     >-t1^ 

/  Jr^'^-^Ji 

!-f-ij    \ 

^ 

•■#' 

T 

V'^  tCaJ  1 V  Lv  ^ 

(iSiS 

r      ifflB'^H^"^ 

—r^iM'rZ- 

i/ 

J'l-*^ 

'  ^  Wrk  ^'  -  JS  *  Is  ^  - 

^*       T^^^ 

■  — "^^P"^  1  1  ^^ 

'^:1mL^Qi 

130 

!n^ 

t 

1  *"^^jr 

i     -^^ 

1 

^  JL  mh^itrf  iL 

—  ^pin*^* 

■is 

Map   of  Schiaparelli,  1 881-1882. 

The  distinctive  features  of  these  maps  are  the  ''canals."    The 


1902.] 


LOWELL— ARBOQBAPHY. 


281 


''canals"  are  objects  as  technical  in  character  as  they  are  in  name, 
being  quite  unlike  any  other  planetary  detail.  They  are  narrow 
lines  of  uniform  width,  of  uniform  direction  and  following  usually 

Fig.  8. 


Map  of  Schiaparelli,  1883-1884. 


Fig.  9. 


Map  of  Lowell,  1894. 


the  arcs  of  great  circles.     Tenuity,  regularity  and  intercommuni- 
cation are  the  traits  which  make  them  sui  generis.     Such  precision 
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is  of  their  essence.  But  the  observations  -necessary  to  its  apprecia- 
tion are  not  easy.  Probably  even  to-day  not  above  a  dozen  persons 
have  seen  the  canals  well  enough  to  make  their  opinion  on  the  sub- 
ject of  weight,  but  all  who  have  done  so  agree  in  their  dictum. 

12.  As  with  the  first  and  second  periods,  so  with  the  second  and 
third  there  was  a  transition  state  between  the  two.  What  Dawes 
had  done  for  the  first  gap,  W.  H.  Pickering  and  the  Lick  observers 
did  for  the  second.  In  1892,  at  Arequipa,  Pickering  found  irregu- 
larly narrow  markings  in  the  midst  of  the  then  called  seas,  and  the 
Lick  observers  detected  ''streaks'*  in  the  same  regions.  These 
played  much  the  same  part,  though  in  the  case  of  the  Lick  ob- 
servers much  more,  to  subsequent  work  that  the  Dawes'  markings 
had  to  Schiaparelli's,  so  far  as  "canal  "  detection  is  concerned. 

13.  For  in  1894  Mr.  Douglass  at  Flagstaff  found  that  the  irreg- 

FiG.  10. 
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Map  of  Lowell,  1896-97. 


ular  lines  of  Pickering  and  the  streaks  of  the  Lick  observers  were 
foreshadowings  of  something  much  more  peculiar.  He  found  that 
a  system  of  lines  of  the  startlingly  regular  character  which  gives  to 
the  "canals"  their  technical  interest,  overspread  the  whole  of  the 
great  southern  dark  areas.  Thus  the  third  period  marks  the  detec- 
tion of  "canals"  in  the  dark  regions,  and  from  that  a  complete 
change  in  the  character  of  the  seas,  already  in  part  so  ably  detected 
by  Pickering.     Furthermore,  the  network  of  each  system  showed 
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itself  to  be  knotted  with  spots  at  its  intersections.  Many  of  the 
spots  in  the  bright  regions  were  detected  by  Pickering  in  1892. 
Lastly,  the  two  systems  turned  out  to  be  connected  together,  the 
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one  system  running  into  the  other  and  marked  by  nick-like  points 
in  the  coast  line,  thus  making  one  united  mesh  of  lines  and  knots 
superposed  over  the  whole  surface  of  the  planet. 
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14.  The  history  of  areography  may  be  thus  summed  up : 
1840-1876.     Period  of  detection  of  large  dark  and  light  markings 

on  the  surface  of  the  planet. 
1877-1892.     Period   of   detection    of  "canals"    in    the    bright 

regions. 
1892-1902.     Period  of  detection  of  "canals  "  in  the  dark  areas. 

15.  Three  deductions  follow  an  inspection  of  the  whole  series  of 
maps: 

I.  The  fundamental  agreement  of  the  series. 
This  is  evident  at  once,  but  can  perhaps  be  made  more  so  by 
placing  the  later  maps  at  a  greater  distance  from  the  eye,  upon 
which  the  fainter  markings  take  on  the  look  they  would  wear  were 
the  planet  less  well  seen. 

16.  II.  Evidence  that  the  regularity  of  the  "canals"  was  not 
due  to  predisposition  on  Schiaparelli's  part,  but  was  forced  upon 
him  by  the  objects  themselves. 

Comparing  his  own  maps  on  the  subject,  it  appears  that  an  evo- 
lution took  place  in  his  perceptions.  His  first  map,  that  of  1877, 
represents  the  "  canals  "  as  straits,  more  or  less  irregular,  running 
up  into  the  land.  His  next,  made  in  1879,  depicts  them  narrower, 
straighter  and  decidedly  more  peculiar.  That  of  1881-82  shows 
them  as  fully  developed  geometrical  designs,  a  character  they  never 
afterward  lose. 

Now,  the  fact  that  his  representations  of  the  canals  grew  in  regu- 
larity as  time  went  on,  proves  such  character  to  have  been  no  im- 
putation on  his  part.  Had  he  imagined  it,  he  would  have  depicted 
the  canals  so  to  start  with.  As  it  was,  increasing  familiarity  com- 
pelled him  to  recognize  features  which  he  had  at  first  consciously 
or  unconsciously  ignored.  We  have  here,  indeed,  a  record  left  by 
himself  of  his  own  conversion  to  belief  in  the  very  qualities  that 
make  the  canals  so  difficult  of  credence. 

17.  III.  Evidence  of  an  evolution  in  the  detection  of  the  mark- 
ings from  simple  to  complex.  A  steady  progression  in  the  matter 
of  detail  can  be  traced  from  its  beginning  to  its  end.  And  the 
progression  is  in  increasing  order  of  difficulty.  The  large  dark 
patches  are  the  easiest  of  detection,  the  Schiaparellian  "canals" 
in  the  bright  regions  the  next  so,  the  "  canals  "  in  the  dark  regions 
the  hardest.  This  is  conclusively  shown  by  the  number  of  times 
each  class  was  seen  in  the  many  drawings  made  at  Flagstaff.  It  is 
here  also  evidenced  by  the  way  each  map,  while  adding  to,  also 
corroborates  its  predecessor. 
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SYSTEMATIC  GEOGRAPHY. 

BY   W.    M.    DAVIS. 
{^Read  April  $,  IdOt,) 

1.  Geography  lacks  System. 

2.  The  Value  of  Systematic  Geography. 

3.  The  Content  of  Geography. 

4.  Physiography  and  Ontography. 

5.  Comparison  of  Geography  with  other  Sciences. 

6.  Subdivisions  of  Physiography. 

7.  Classification  of  Land  Forms. 

8.  Physiographic  Classification  involves  Explanation. 

9.  Explanation  involves  Past  History. 

10.  Value  of  Ideal  Geographical  Types. 

11.  Service  of  Deduction  in  Geography. 

12.  Contrasts  of  Biological  and  Physiographical  Classifications. 

13.  Examples  of  Explanatory  Description. 

14.  Distinction  of  Geography  from  Geology. 

15.  Dangers  of  Explanatory  Description. 

16.  Framework  of  Physiographic  Classification.  • 

1 7.  Complexity  of  Geography. 

18.  Relation  of  Physiography  and  Ontography. 

19.  Subdivisions  of  Ontography. 

20.  Regional  Geography. 

21.  Conclusion. 

I.  Geography  lacks  System, — Geography  has  not  as  yet  taken  so 
much  advantage  from  a  systematic  classification  of  the  facts  with 
which  it  is  concerned  as  is  the  case  with  the  biological  sciences. 
The  botanist  or  the  zoologist  is  greatly  aided  in  observation  and  in 
description  by  the  effort  to  refer  every  organic  individual  to  its 
proper  place  in  a  comprehensive  scheme  of  classification,  whereby 
its  relationships  and  its  contrasts  are  most  concisely  set  forth ;  and 
if  he  is  for  a  time  puzzled  by  a  new  species  or  by  a  form  of  uncer- 
tain position,  he  does  not  for  a  moment  waver  in  his  belief  in  the 
value  of  the  principles  of  classification,  but  draws  encouragement 
from  the  aid  that  it  has  already  given  him  and  perseveres  until  the 
systematic  position  of  the  new  or  uncertain  species  is  made  clear. 
The  geographer  on  the  other  hand  makes  no  such  habitual  use  of 
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S3rstematic  methods.  The  classification  that  he  uses  is  immature 
and  imperfect ;  many  classes  of  geographical  problems  are  as  yet 
hardly  classified  at  all.  It  is  with  the  intention  of  showing  the 
need,  the  possibility  and  the  value  of  systematic  work  in  geography 
that  this  essay  is  presented. 

If  a  geographer  should  come  upon  such  an  item  as  one  of  the 
narrow  flood-plain  scrolls  sketched  in  Fig.  i,  he  might  treat  it  in 
either  one  of  two  ways.  He  might  describe  it  empirically  as  a 
local  item  of  earth  form,  unrelated  to  all  other  items ;  or  he  might 
more  or  less  consciously  refer  it  to  some  appropriate  place  in  a 
general  scheme  of  geographical  classification,  whereby  its  origin 
and  relationships  would  be  made  manifest.     The  geographer  at 


Fig.  I.    A  meandering  valley  with  narrow  flood-plain  scrolls. 


present  generally  attempts  to  pursue  the  second  plan,  as  would  be 
indicated  by  the  use  of  such  a  descriptive  phrase  as  "a  narrow 
strip  of  flood-plain  "  ;  for  the  term  "  flood-plain  "  has  a  technical 
meaning  and  suggests  that  the  observed  example  belongs  with 
other  more  or  less  similar  examples  in  a  recognized  class  of  geo- 
graphical forms.  If  however  we  should  .question  different  geogra- 
phers as  to  the  relation  of  narrow  flood-plain  scrolls  to  flood  plains 
of  other  forms,  and  as  the  rest  of  the  scheme  of  classification  in 
which  flood  plains  form  a  single  group,  no  approach  to  agreement 
would  be  found  ;  for  the  venerable  subject  of  geography  has  not 
yet  established  a  well-coordinated  system  of  classification  for  the 
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facts  with  which  it  is  concerned.  The  classifications  commonly 
employed  are  too  often  inconsistent,  incomplete  and  immature — 
inconsistent  in  their  different  parts  even  as  to  the  larger  principles 
upon  which  their  subdivisions  are  based;  incomplete  in  not 
including  nearly  all  the  categories  of  facts  which  properly  belong 
under  geography ;  and  immature  in  making  too  often  only  a  small 
advance  over  the  method  and  terminology  of  school  days.  The 
narrow  flood-plain  scrolls,  such  as  are  shown  in  the  figure  above, 
and  such  as  exist  in  remarkably  perfect  development  in  the  valley 
of  the  North  Branch  of  the  Susquehanna,  would  according  to  the 
methods  of  geographical  description  and  classification  usually 
current  be  given  no  sufficient  statement  as  to  their  form,  no 
adequate  explanation  as  to  their  origin,  no  appropriate  discussion 
as  to  their  correlation  with  adjacent  features,  and  no  systematic 
treatment  as  to  their  share  in  constituting  the  physical  environment 
of  their  organic  inhabitants.  Yet  the  flood-plain  scrolls  deserve 
due  consideration  in  all  these  respects  from  any  one  who  would 
clearly  portray  the  geography  of  their  district.  Lack  of  consid- 
eration is  not  due  to  any  serious  difficulty  that  inheres  in  the 
systematic  treatment  here  suggested,  but  simply  to  the  habitually 
unsystematic  character  of  geographical  study. 

It  is  the  same  with  the  organic  items  of  the  broad  subject  of 
geography.  A  farm  or  a  village,  a  thicket  or  an  ant-hill,  a  city  on 
a  bay  or  a  road  over  a  mountain  range  is  too  often  mentioned  as  if 
it  were  an  isolated  and  ultimate  fact,  rather  than  as  if  it  were  a 
member  of  a  class,  exhibiting  the  peculiar  response  of  certain  kinds 
of  organisms  to  their  surroundings.  Correlation  between  the 
environed  organism  and  the  physical  environment  is  coming  to  be 
recognized  as  an  essential  part  of  geographical  study,  yet  corre- 
lation is  not  habitual  in  the  treatment  of  the  organic  division  of 
the  subject  by  those  who  would  wish  to  be  considered  geographers ; 
and  as  to  classification  of  the  correlations,  there  has  as  yet  been 
made  hardly  a  beginning.  Still  it  can  hardly  be  doubted  that  all 
organic  responses  are  susceptible  of  a  reasonably  systematic  grouping 
in  relation  to  one  another,  and  that  every  example  would  be  better 
seen  and  appreciated  if  it  were  viewed  in  association  with  its 
fellows. 

2.  The  Value  of  Systematic  Geography. — It  may  be  urged  with 
much  confidence  that  fuller  attention  to  such  items  as  narrow  flood- 
plain  scrolls,  or  to  any  one  of  the  innumerable  organic  examples 


238  DAVIS— SYSTEMATIC   GEOGRAPHY.  lAprilS. 

that  might  be  instanced,  would  be  secured  if  geographers  were 
habituated  to  treat  all  such  items  as  forming  parts  of  a  whole,  and 
to  place  every  item  in  its  proper  place  with  respect  to  all  others  in 
a  well -arranged  system  of  classification.     It  is  sometimes  the  case 
that  the  labors  of  the  systematist  are  decried ;  but  it  is  only  when 
systeraatization  is  the  master  and  not  the  servant  of  the  investigator 
that  it  merits  condemnation.     The   orderly  arrangement  of  the 
events  in  the  earth's  long  history  is  the  goal  of  all  geological  study ; 
for  the  facts  of  physical  and  structural  geology  must  be  dated  in 
terms  of  geological   chronology  if  their  true   relation   is   to  be 
appreciated.     So  with   geography :    it  stands  to  reason  that   any 
logical  scheme  for  the  classification  of  all  the  elements  that  consti- 
tute the  content  of  geography  would  be  of  practical  value  in  treating 
the  innumerable  items  with  which  the  geographer  is  concerned. 
The  object  of  such  an  arrangement  would  not  be  to  put  facts  away, 
out  of  sight,  but  to  expose  them  in  orderly  fashion  so  that  they  can 
be  most  readily  seen,  to  arrange  them  so  that  they  shall  illuminate 
and  be  illuminated  by  their  neighbors.     A  result  of  double  value 
would  thus  be  gained.     Every  fact  would  be  seen  in  logical  relation 
to  its  fellows,  and  its  fellows  would  be  seen  in  logical  relation  to  it. 
The  attention  of  the  geographer  would  thus  be  directed   to  a 
broadened  consideration  of  correlations,  instead  of  being  allowed 
to  limit  itself  to  a  narrow  view  of  isolated  and  unrelated  items. 
The  work  of  the  observer  in  the  field  would  be  greatly  aided  by 
the  presence  in  his  mind  of  an  ideally  full  treatment  for  every  kind 
of  item  that  he  encounters ;  unless  indeed  he  has  the  good  fortune 
to  come  upon  an  item  previously  unknown,  and  in  that  case  the 
habit  of  systematic  description  already  formed  would  come  to  his 
assistance  in  the  effort  to  gain  a  full  understanding  of  the  novel 
element.    There  is  no  other  means  by  which  the  general  principles, 
the  underlying  philosophy  of  geography,  can  be  so  clearly  set  forth 
as  by  systematic  classification. 

3.  The  Content  of  Geography. — The  first  step  in  an  attempt  at 
classification  requires  an  understanding  as  to  the  content  of  geog- 
raphy as  a  whole.  Here  at  the  very  outset  no  general  agreement  can 
be  expected  to-day ;  but  it  is  well  to  note  that  general  agreement 
will  probably  be  reached  by  following  the  trend  of  the  progress  by 
which  geography  has  passed  through  two  stages,  now  to  enter  upon 
a  third  stage  of  development.  A  hundred  years  ago,  geography 
was  the  study  of  the  earth  and  its  inhabitants ;  explanation  then 
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made  a  very  small  part  of  description,  and  even  a  teleological 
correlation  of  the  organic  and  the  inorganic  divisions  of  the  subject 
had  not  been  introduced  as  a  well-defined  characteristic  of  its 
methods.  With  the  progress  of  science  during  the  nineteenth 
century,  explanation  came  to  constitute  a  larger  and  larger  share  of 
the  descriptive  chapters  of  geography ;  and  from  the  time  of  Ritter, 
geography  has  been  very  commonly  defined  as  the  study  of  the 
earth  in  relation  to  its  inhabitants,  the  relationship  being  exposed 
during  the  second  stage  of  progress  in  the  light  of  teleology,  of 
which  abundant  traces  may  be  seen  to  this  day. 

The  third  stage  of  geographical  progress  is  marked  by  the 
introduction  of  two  new  principles  during  the  last  third  of  the 
nineteenth  century.  It  thus  came  to  be  recognized  that  explanation 
must  be  systematically  sought  for  in  every  department  of  the 
subject ;  for  river  courses  as  well  as  for  winds  and  ocean  currents ; 
for  moraines  as  well  as  for  sand  dunes ;  and  it  is  further  recognized 
that  the  relationship  existing  between  the  earth  and  its  inhabitants 
must  be  explained  under  the  broad  principles  of  evolution.  The 
earth  with  its  lands  and  waters  was  not  arranged  for  the  convenience 
of  its  inhabitants ;  its  inhabitants  have  had  to  learn,  by  more  or 
less  conscious  experiment,  to  live  upon  the  earth  as  they  found  it. 
As  in  so  many  other  sciences,  the  evolutionary  philosophy  is  of 
enormous  practical  import  in  geography.  If  the  earth  has  not  been 
expressly  fitted  to  the  convenience  of  its  inhabitants,  but  if  the 
inhabitants  have  had  gradually  to  fit  themselves  to  their  slowly 
changing  surroundings,  how  essential  is  it  that  we  should  study 
those  surroundings  minutely,  with  all  the  intelligence  that  has  been 
awakened  in  the  later  days  of  man's  history,  in  order  to  take  the 
best  advantage  of  them ;  how  important  is  it  that  we  should  look 
carefully  into  the  real  nature  of  things,  so  as  to  avoid  an  environ- 
•  ment  that  involves  a  hopeless  struggle  against  the  forcesjof  nature, 
and  to  choose  instead  an  environment  in  which  the^inexhaustible 
forces  of  nature  will  work  to  our  advantage.  With  the  adoption  of 
the  evolutionary  philosophy,  the  content  of  geography  can  no  longer 
be  defined  as  the  relation  of  earth  and  man,  but  Jas  the  relation  of 
earth  and  life.  The  cleared  roadway  of  a  colony  of  pillaging  ants 
becomes  as  properly  a  subject  of  geographical  study  as  a  railroad 
that  connects  centres  of  human  population.  Elementary  geography 
may  still  deal  with  the  simplest  salient  facts  and  'place  man  con- 
spicuously in  the  foreground ;  more  advanced  geography  may  include 
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examples  of  greater  complexity,  but  always  selecting  important  rather 
than  trivial  matters;  but  the  investigator  must  study  the  trivial  items 
along  with  the  greater  ones,  and  all  must  be  duly  scrutinized, 
described  and  classified. 

4.  Physiography  and   Ontography Let  it  then  be  here  agreed 

that  the  whole  content  of  geography  is  the  study  of  the  relation  of 
the  earth  and  its  inhabitants.  We  thus  see  two  prime  divisions  of 
the  subject.  One  includes  all  the  elements  of  the  physical  environ- 
ment of  life ;  the  other  all  those  responses  which  life  has  made  to 
its  environment ;  and  in  accordance  with  modern  methods  both  ot 
these  divisions  should  be  treated  under  the  explanatory  principles 
of  evolution,  inorganic  and  organic.  It  is  the  element  of  relation- 
ship between  the  physical  environment  and  the  environed  organism, 
between  physiography  and  ontography  (to  coin  a  word),  that  con- 
stitutes the  essential  principle  of  geography  to-day.  Mature,  fully 
developed  geography  therefore  involves  the  study  of  physiography 
and  ontography  in  their  mutual  relations.  Treated  otherwise,  the 
divisions  of  the  subject  lose  coherence;  they  fall  apart  and  are 
gathered  up  by  various  other  sciences.  It  is  only  when  they  are 
bound  together  by  the  element  of  relationship  that  they  constitute 
a  reasonably  connected  body  of  study,  as  well  unified  a  science  as 
any  other.  In  support  of  this  principle,  let  us  turn  aside  to  note — 
as  others  have  done — how  largely  the  principle  of  relationship  is 
serviceable  in  classifying  the  sciences. 

5.  Comparison  of  Geography  with  other  Sciences, — All  terrestrial 
substances,  inorganic  and  organic,  the  study  of  whose  relationships 
constitutes  geography,  are  also  the  proper  subject  of  study  in  relation 
to  composition  by  the  chemist :  rock,  water,  air  and  organisms  are 
all  to  be  analyzed  and  classified  as  compounds.  Again,  all  the 
activities  in  the  world  of  geography  are  the  appropriate  subject  of 
study  in  relation  to  energy  by  the  physicist.  Moreover,  as  fast  as 
geography,  chemistry,  physics  and  the  other  sciences  advance, 
their  progress  should  be  duly  chronicled  by  the  historian  ;  for  it  is 
a  sad  mistake  to  imagine  that  the  whole  content  of  history  is  only 
the  "politics  of  the  past."  From  the  discovery  of  America  by 
Columbus  to  the  discovery  of  a  narrow  flood-plain  scroll  on  the 
upper  Susquehanna  by  an  early  backwoodsman;  from  the  migra- 
tion of  races  across  continents  to  the  settlement  of  miller  by  a 
waterfall,  there  is  no  discontinuity.  The  historian  must  regard  all 
such  facts,  great  and  small,  as  pertinent  to  his  study  of  the  sequence 
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of  human  events,  even  though  he  can  make  explicit  mention  of  the 
greater  ones  only.  The  physicist  must  bring  the  behavior  of  a 
river  in  making  its  flood  plains  and  of  a  stone  in  falling  from  a  cliff 
under  the  domain  of  physical  law,  although  he  may  not  make 
mention  of  every  flowing  stream  and  of  every  falling  stone  in  his 
systematic  text-book.  The  chemist  must  discover  all  the  kinds  of 
changes  in  composition  caused  by  the  weathering  of  rocks;  he 
must  learn  the  composition  of  everything  from  the  miller  to  his 
flour  and  his  millstone.  It  is  therefore  not  in  terms  of  the  things 
studied  that  a  science  can  be  defined,  but  only  in  terms  of  the 
relationships  involved  in  the  study.  The  things  with  which  the 
geographer  is  concerned  may  also  concern  the  physicist,  the  chemist 
and  the  historian ;  but  as  far  as  these  things  enter  into  the  relation 
between  the  earth  and  its  inhabitants,  they  constitute  the  content 
of  geography. 

It  is  particularly  in  relation  to  geology  that  geography  has  been 
needlessly  confused.  Geology  is  essentially  a  historical  study ;  it 
is  for  the  earth  what  history  is  for  man.  Geography,  on  the  other 
hand,  is  distinctly  not  a  historical  study;  what  is  often  called 
historical  geography  might  be  much  better  called  geographical 
history.  Geography  considers  the  relationship  of  existing  condi- 
tions, inorganic  and  organic ;  and  as  far  as  the  dimension  of  time 
enters  into  geographical  methods,  it  is  introduced  not  for  the 
purpose  of  studying  the  sequence  of  events  that  lead  up  to  existing 
phenomena — that  belongs  to  geology  or  to  history — but  for  the 
purpose  of  better  seeing  the  existing  phenomena  themselves,  as  will 
be  more  fully  shown  below.  Thus  understood,  geology  and  geog- 
raphy are  closely  related ;  it  may  be  fairly  said  that  geology  cul- 
minates in  geography,  and  that  all  geology  consists  of  a  sequence 
of  paleogeographies.  Surely,  no  geologist  would  dismiss  the  present 
condition  of  the  earth  and  its  inhabitants  from  consideration  as 
constituting  the  last  page  in  the  recent  chapter  of  historical  geology. 
Ocean  navigation  and  cable  laying,  city  growth  and  railroad  build- 
ing deserve  a  place  in  the  geology  of  the  recent  period  on  exactly 
the  same  ground  that  trilobite  tracks  and  dinosaur  prints  belong  in 
the  record  of  the  past.  Conversely,  every  geographer  should  con- 
ceive all  the  geological  history  of  the  earth  as  involving  a  succession 
of  geographies,  horizontally  stratified  with  respect  to  a  vertical  time 
line.  All  the  processes  of  slow  erosion,  of  volcanic  eruption,  of 
rising  and  falling  lands,  of  organic  adaptations,  formed  elements  of 
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these  successive  paleogeographies,  just  as  the  slow  depression  of  the 
Netherlands,  the  eruptions  of  Vesuvius  and  Felee,  the  washing  of 
neglected  fields,  and  the  migrations  of  Europeans  into  the  open 
lands  of  America  constitute  elements  of  the  geography  of  to-day. 

The  science  of  geography  is  therefore,  like  all  other  sciences, 
concerned  with  the  relationships  of  things  which,  when  they  enter 
into  relationships  of  other  kinds,  belong  under  other  sciences,  and 
which  are  known  to  be  pertinent  to  geography  not  by  their  own 
qualities  but  by  the  relationship  in  which  they  are  considered.  It 
is  the  classification  of  the  elements  of  a  subject  thus  constituted 
that  we  have  to  consider. 

It  is  not  my  purpose  however  to  present  here  a  detailed  statement 
of  a  classification,  but  rather  to  set  forth  the  nature  of  a  classification 
which  might,  when  expanded  in  a  more  technical  geographical 
publication,  afford  suitable  categories  for  all  kinds  of  geographical 
facts.  It  will  suffice  therefore  to  indicate  briefly  the  larger  divisions 
of  the  subject,  and  to  pursue  only  one  of  these  divisions,  namely 
the  lands,  into  details. 

6.  Subdivisions  of  Physiography, — Geography  as  a  whole  has 
already  been  shown  to  consist  of  two  chief  divisions,  physiography 
and  ontography.  Physiography  has  four  chief  subdivisions — the 
«arth  as  a  globe,  the  atmosphere,  the  oceans  and  the  lands.  Let 
tis  set  aside  for  the  present  all  but  the  last  subdivision.  The  lands 
should  first  be  treated  as  a  whole,  and  their  contrast  with  the  other 
exterior  parts  of  the  earth  considered.  A  notable  contrast,  of  great 
significance  in  its  ontographical  relations,  is  found  between  the 
lands  covered  by  the  atmosphere,  and  the  sea  floors  covered  by  the 
oceans.  The  latter  are  monotonously  cold,  dark  and  quiet,  as  well 
as  remarkably  uniform  in  shape  and  constitution ;  while  the  former 
exhibit  a  variety  of  forms,  such  as  high  and  low,  smooth  and  rugged, 
flat  and  steep,  and  experience  a  succession  of  changing  conditions, 
such  as  wet  and  dry,  calm  and  windy,  hot  and  cold.  The  general 
weathering  and  washing  of  the  lands,  whereby  their  waste  goes  to 
make  the  gain  of  the  sea  floors,  results  in  their  being  scored  by 
many  branching  systems  of  valleys ;  this  highly  specialized  kind  of 
inequality  being  as  significantly  characteristic  of  the  land  surface 
as  is  smoothness  of  the  blanketed  sea  floors.  There  is  nothing 
new  in  all  this,  but  geographers  too  generally  fail  to  recognize  these 
general  features  of  the  lands  as  the  determining  physical  environ* 
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ments  in  response  to  which  many  an  organic  condition  has  been 
called  forth. 

The  lands  need  subdivision  into  relatively  small  areas,  for  their 
forms  vary  greatly  from  place  to  place.  It  has  long  been  habitual 
with  geographers  to  describe  and  classify  these  forms  empirically; 
but  there  is  to-day  a  well-defined  trend  of  opinion  in  favor  of 
rational,  evolutionary  or  explanatory  description  and  classification, 
even  though  this  more  modem  method  has  not  yet  found  general 
acceptance  in  practical  exploration.  An  eclectic  system  of  sub- 
division, based  on  the  suggestions  of  various  writers,  may  be  briefly 
stated  as  follows : 

7.  Classification  of  Land  Forms. — Land  forms  are  classed  first  as 
to  kind,  according  to  their  rocky  structure  \  thus  one  area  may  be 
of  horizontal  structure;  a  second  may  consist  of  broken  and 
tilted  blocks ;  a  third  may  have  a  domed  structure  ;  a  fourth  may 
be  folded  ;  a  fifth  may  be  of  volcanic  origin,  and  so  on. 

Each  kind  of  land  form  is  then  to  be  further  classified  according 
to  its  stage  in  the  cycle  of  erosion,  to  which  it  is  introduced 
by  initial  processes  of  deformation  and  (relative)  upheaval,  and 
through  which  it  progresses  by  the  action  of  weathering  and  wash- 
ing towards  an  ultimate  goal  of  obliteration  in  a  featureless  plain 
close  to  sea  level,  or  in  a  smooth  platform  at  an  undetermined 
depth  beneath  sea  level.  There  is  to-day  abundant  warrant  for  as- 
serting that  the  sequence  of  developmental  stages  through  this 
destructive  cycle  of  erosion  is  remarkably  systematic,  and  that  very 
effective  description  of  land  forms  may  be  given  by  characterizing 
them  simply  as  young,  mature  or  old.  This  is  therefore  not  a 
matter  of  abstract  theory,  but  of  practical  convenience  to  the  field 
geographer. 

There  is  need  of  distinction  between  the  inert  land  mass,  offered 
to  erosion  by  the  telluric  forces  of  upheaval,  and  the  physiographic 
agencies  by  which  the  erosion  is  accomplished ;  the  chief  of  the 
latter  being  river  systems.  There  is  again  need  of  discriminating 
the  forms  assumed  by  the  slow-moving  waste  of  the  land  on  the 
way  to  the  sea,  from  the  inert  land  mass  on  the  one  hand,  and 
from  the  more  active  agencies  of  erosion  on  the  other  hand.  With 
respect  to  the  active  water  streams,  the  land  waste  is  relatively 
inert  and  passive;  but  with  respect  to  the  inert  underlying  rock 
mass,  the  waste  may  be  treated  as  part  of  the  superficial  river 
system.     The  latter  treatment  brings  forth  many  interesting  homo- 
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logies  between  water  streams  and  waste  streams,  and  from  this 
arises  a  simple  terminology  for  waste  forms  by  which  the  power 
that  words  have  of  suggesting  things  is  greatly  increased. 

It  is  still  further  necessary  to  distinguish  between  the  several 
kinds  of  agencies  that  are  chiefly  responsible  for  erosion,  as  de- 
termined by  climatic  conditions.  Thus  far,  a  normal  climate  has 
been  assumed,  of  sufficient  rainfall  to  fill  all  depressions  to  over- 
flowing and  of  insuflficient  snowfall  to  form  glaciers.  On  one  side 
of  this  norm  there  is  the  arid  climate,  where  rainfall  is  small  and 
vegetation  scanty,  and  where  the  wind  therefore  takes  a  significant 
part  in  the  work  of  shaping  the  land  surface;  here  the  whole  surface 
swept  by  the  wind  corresponds  to  the  bed  of  a  water  stream.  On 
the  other  side  is  the  glacial  climate,  where  precipitation  is  chiefly 
in  the  form  of  snow  and  where  drainage  is  chiefly  in  the  form  of 
glaciers ;  here  the  slender  and  nimble  water  streams  of  the  normal 
climate  are  replaced  by  clumsy  and  sluggish  ice  streams,  with  the 
result  of  greatly  increasing  the  proportion  of  drainage  channel  to 
drainage  area. 

Finally  the  border  of  the  lands  where  they  dip  under  the  sea  is 
attacked  by  waves  and  currents  and  appropriately  carved  ;  the  cycle 
of  shore  erosion  being  just  as  systematic  and  helpful  as  the  cycle  of 
rain-and-river  erosion.  Each  kind  of  land  form,  as  determined  by 
its  rocky  structure,  exhibits  forms  peculiar  to  itself  and  appropriate 
to  their  stage  of  littoral  erosion.  Here,  as  in  the  normal  and 
special  cycles  of  subaerial  erosion,  such  terms  as  young,  mature  and 
old  are  highly  suggestive  because  of  the  systematic  correlations  of 
various  elemental  forms  that  they  imply. 

This  system  of  classification  is  at  present  by  no  means  fully  de- 
veloped, for  it  has  been  directly  applied  to  but  a  relatively  small 
part  of  the  lands ;  yet  it  is  so  eflficient  where  it  has  been  applied 
that  there  is  every  reason  to  expect  that  it  will  be  all  the  more 
efficient  when  it  shall  have  been  more  widely  applied  and  more  fully 
developed.  Some  of  its  essential  features  may  now  be  given  fuller 
exposition. 

8.  Physiographic  Classification  involves  Explanation. — Ex- 
planation of  origin  is  regarded  as  essential  to  a  complete  descrip- 
tion in  this  evolutionary  method  of  physiographical  classification. 
Not  only  must  forms  of  simple  and  manifest  origin,  such  as  sand 
dunes  and  stream  gorges,  be  explained  ;  but  all  forms,  difficult  and 
obscure  as  their  origin  may  be,  must  if  possible  be  brought  under 
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explanatory  treatment.  Geographers  have  been  slow  to  accept  this 
responsibility.  True,  they  have  long  explained  volcanoes  by 
eruption,  because  eruptions  have  been  witnessed;  yet  they  have 
been  habitually  inattentive  to  the  radial  gorges  by  which  extinct 
volcanoes  are  scored.  While  gorges  and  water-gaps  are  still  some- 
times ascribed  to  fractures  and  floods,  most  geographers  of  a  fair 
degree  of  training  explain  them  more  wisely  as  the  result  of  slow 
sawing  by  the  streams  that  flow  through  them ;  yet  most  geograph- 
ers are  still  accustomed  to  adducing  a  canyon  and  not  a  peneplain 
in  evidence  of  the  magnitude  of  the  work  that  can  be  done  by  rain 
and  rivers.  There  is  therefore  no  more  wholesome  discipline  for 
the  field  geographer  than  to  insist  on  the  necessity  of  explaining 
every  part  of  the  land  form  that  comes  under  his  observation.  His 
courage  in  this  respect  should  be  whole-souled  rather  than  half- 
hearted ;  and  whatever  difficulties  he  may  encounter,  the  success 
already  attained  should  strengthen  his  resolution  to  pursue  his  task 
until  complete  success  is  reached. 

9.  Explanation  involves  Past  History, — It  is  evident  however 
that  an  explanatory  method  of  description  involves  the  considera- 
tion of  the  past  history  through  which  land  forms  have  come  for- 
ward to  their  present  estate  ;  and  thus  the  subject  of  physiography 
gains  a  strong  savor  of  geological  methods.  Some  geographers 
seem  to  be  disconcerted  by  this  consequence  of  the  explanatory 
treatment.  They  appear  to  think  that  description  through  pro- 
cesses of  origin  involves  too  serious  a  trespass  on  the  field  of 
geology,  and  they  therefore  give  explanation  over  to  the  geologist. 
But  there  is  nothing  novel  in  the  trespass  of  one  science  upon  the 
methods  of  another.  The  chemist  is  constantly  employing  physical 
methods ;  the  astronomer  is  as  constantly  employing  mathematical 
and  physical  methods.  Hence  no  apology  is  needed  if  the  geog- 
rapher employs  geological  methods  whenever  they  serve  his  pur- 
pose. The  real  point  is  that  these  geological  methods  serve  a 
geographical  purpose ;  the  purpose,  namely,  of  aiding  the  observa- 
tion and  description  of  land  forms,  for  which  the  geographer  is 
primarily  responsible.  Any  methods  that  aid  this  end  are  ap- 
propriate. Much  attention  as  the  geographer  may  give  to  pro- 
cess and  time  as  involved  in  the  sculpture  of  land  forms, 
his  interest  in  these  geological  elements  is  not  aroused  simply 
from  the  hope  of  tracing  out  the  sequence  of  events  that  the 
past  contains,  but  from  the  expectation,  well  warranted  by  abun- 
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dant  experience,  of  being  better  able  to  treat  existing  land  forms 
by  a  rational  instead  of  by  an  empirical  method.  It  is  the  geolo- 
gist who  studies  the  past  history  of  the  earth  as  an  end  in  itself;  it 
is  his  duty  to  unravel  all  the  tangled  skeins  of  earth  history,  how- 
ever far  back  they  may  lead  him.  The  geographer  is  concerned 
with  the  past  not  as  an  end  but  as  a  means  to  an  end ;  and  he  cares 
only  for  so  much  of  it  as  shall  serve  his  present  needs. 

10.  Value  of  Ideal  Geographical  Types. — The  addition  of  expla- 
nation to  the  responsibilities  of  the  geographer  brings  with  it  the 
need  of  idealizing  actual  forms  into  type  forms,  for  it  is  chiefly  in 
terms  of  type  forms  that  actual  forms  are  in  fine  described.  This  is 
also  a  discouragement  to  geographers  of  the  more  conservative 
school,  who  have  thought  that  geography  was  concerned  only  with 
matters  of  fact,  immediately  observable.  They  must  however 
come  to  see  that  direct  observation  is  entirely  insufficient  for  the 
geographer's  needs,  ^or  the  simple  reason  that  if  he  recorded  only 
what  he  saw  he  would  be  overwhelmed  with  ungeneralized  items. 
He  must  generalize  in  order  to  bring  the  observable  items  within 
the  reach  of  descriptive  terms,  and  as  soon  as  he  generalizes,  the  use 
of  idealized  types  is  practically  unavoidable.  Such  types  have  long 
been  in  current  use,  but  they  have  been  too  few  and  too  empirically 
defined  for  the  best  results.  They  need  to  be  greatly  increased  in 
number,  and  at  the  same  time  they  must  be  correlated  with  struc- 
ture, process  and  time ;  for  only  by  following  the  path  of  nature's 
progress  can  we  hope  to  store  our  minds  with  types  that  shall  imi- 
tate nature's  products.  It  may  be  fairly  urged  that  the  larger  the 
store  of  types  a  geographer  possesses,  and  the  more  careful  and 
numerous  the  comparisons  with  nature  by  which  the  types  have 
been  rectified,  the  better  progress  can  the  geographer  make  in  new 
fields  of  observation. 

11.  Service  of  Deduction  in  Geography, — But  the  geographer 
who  adopts  the  explanatory  methods  in  a  whole-souled  fashion  will 
find  himself  called  upon  not  only  to  imagine  a  large  series  of 
type  forms  ;  he  must  also  call  into  exercise  his  deductive  faculties 
and  employ  them  to  the  fullest,  if  he  would  make  the  best  progress 
in  the  newer  phases  of  his  subject,  however  purely  inductive  he 
has  imagined  it  to  be.  In  setting  up  a  store  of  types,  there  is  need 
of  deducing  one  type  from  another  at  every  step ;  and  it  may  be 
confidently  urged  that  whoever  hesitates  to  recognize  this  princi- 
ple will  fail  of  his  effort  to  describe  through  explanation.    But  as  a 
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matter  of  fact,  geography  has  some  time  been  more  deductive  than 
geographers  have  supposed  it  to  be ;  and  the  newer  phase  of  the 
science  is  not  characterized  so  much  by  introducing  deduction  for 
the  first  time,  as  by  insisting  on  its  whole-souled  acceptance  as  an 
essential  process  in  geographical  research. 

It  is  only  by  giving  the  fullest  exercise  to  the  faculties  of  imagi- 
nation and  deduction  that  the  cycle  of  erosion  becomes  serviceable. 
Here  the  geographer  who  hesitates  is  lost.  Not  only  should  the 
ideal  cycle  be  followed  in  imagination  through  all  its  gradual 
changes  on  a  large  variety  of  structures,  but  the  special  cycles  of 
arid  and  of  frigid  climate  must  be  similarly  treated  ;  and  then  each 
of  these  cycles  must  be  broken  up  by  earth-movements  into  partial 
cycles  and  episodes.  It  is  only  in  this  way  that  the  scheme  of  the 
cycle  gains  a  serviceable  elasticity ;  and  it  is  highly  significant  that 
among  those  geographers  who  find  the  conception  of  the  cycle  un- 
fruitful is  one  who  has,  with  more  candid  indication  of  his  unex- 
ercised imagination  than  he  may  have  supposed,  likened  it  to  a 
"strait  jacket." 

Those  who  have  not  attained  some  fluency  in  the  verbal  transla- 
tion of  the  various  stages  of  normal  and  special,  simple  and  inter- 
rupted cycles  can  have  little  understanding  of  the  practical  aid  that 
is  derived  from  this  method  of  description.  The  empirical  geog- 
rapher, unsupplied  with  a  store  of  carefully  imagined  and  well- 
defined  type  forms,  sees  only  what  is  before  him  in  the  field — if 
indeed  he  sees  so  much  as  that.  The  geographer  who  calls  the 
faculties  of  imagination  and  deduction  to  his  aid,  draws  from 
his  mental  store  one  type  after  another  in  the  eflfort  of  matching  the 
explained  ideal  forms  with  the  actually  observed  forms.  Thus  com- 
paring the  partial  view  of  the  landscape,  as  seen  by  his  outer  sight, 
with  the  complete  view  of  the  type  as  seen  by  his  inner  sight,  he 
determines,  with  great  saving  of  time  and  effort,  just  where  his  next 
observations  should  be  made  in  order  to  decide  whether  the  ideal 
type  he  has  provisionally  selected  fully  agrees  with  the  actual  land- 
scape before  him.  When  the  proper  type  is  thus  selected,  the  ob- 
served landscape  is  concisely  and  effectively  named  in  accordance 
with  it ;  and  description  is  thus  greatly  abbreviated.  It  goes  without 
saying  that  this  relatively  advanced  stage  of  investigation  is  not  to 
be  reached  hastily ;  that  abundant  and  elaborate  description  of  actual 
and  of  type  forms  in  empirical  terms,  without  a  trace  of  explana- 
tion, should  be  demanded  of  the  tyro  who  aspires  to  become  an 


248  DAVIS— SYSTEMATIC  GEOGRAPHY.  [Aprils. 

expert ;  for  in  no  other  way  can  proper  training  in  the  use  of  types 
be  secured. 

1 2 .  Contrasts  of  Biological  and  Physiographical  Classifications, — 
It  may  be  worth  while  to  note  explicitly  that  there  is  little  resem- 
blance between  the  basis  of  the  physiographic  classification  of  land 
forms,  here  outlined,  and  the  phylogenetic  classification  of  organic 
forms  now  in  vogue.  In  the  latter  case  resemblance  is  inherited  by 
actual  derivation  from  common  ancestors ;  and  if  similar  forms 
arise  as  a  result  of  similar  environment,  independent  of  relationship 
by  descent,  this  only  serves  to  emphasize  the  rule  by  pointing  to 
the  exception  from  it.  In  the  former  case,  resemblance  is  due  to 
repetition  of  physical  conditions,  and  inheritance  naturally  has  no 
part  to  play.  Similar  structures,  acted  on  by  similar  processes,  at 
similar  rates  for  similar  times  will  have  similar  forms  ;  but  as  struc- 
tures, processes,  rates  and  times  are  all  variable,  it  is  not  to  be  ex- 
pected that  identical  forms  should  be  developed.  All  the  more 
need,  therefore,  of  developing  a  method  of  rational  generalization, 
whereby  the  essential  features  of  a  landscape  may  be  seized  upon  as 
the  basis  for  its  description,  while  the  insignificant  elements  of  a 
landscape  may  be  set  aside.  It  should  further  be  noted  that  while 
hybridization  is  of  very  limited  range  among  organic  forms,  there 
is  no  limit  to  it  in  land  forms.  All  sorts  of  structures  are  combined 
in  all  sorts  of  ways  and  acted  on  by  all  sorts  of  processes  at  various 
rates  for  diflferent  periods.  This  is  indeed  one  of  the  chief  causes 
of  difficulty  in  physiographical  description.  Without  free  crossing 
of  species,  the  variety  of  landscape  would  be  much  lessened.  Phy- 
siography would  then  be  easier  and  less  interesting  than  it  is  now. 

13.  Examples  of  Explanatory  Description, — The  flood-plain 
scrolls  illustrated  in  Fig.  i  may  be  instanced  as  examples  that  come 
very  easily  under  the  explanatory  description  of  land  forms.  It 
has  been  ascertained  with  a  high  degree  of  certainty  that  a  winding 
river,  revived  to  renewed  downward  corrosion  by  the  uplift  of  its 
basin,  will  increase  the  radius  of  curvature  of  its  bends  and  push 
every  bend  down-valley  while  it  is  cutting  down  to  grade  with  re- 
spect to  its  new  baselevel.  If  the  river  had  a  meandering  course 
when  the  uplift  occurred,  the  increased  width  of  the  meander  belt 
will  be  shown  by  the  gentle  slope  of  the  spurs  that  enter  each 
meander,  as  well  as  by  the  abrupt  bluffs  by  which  each  meander  is 
enclosed ;  while  the  down-valley  advance  of  the  meander  system 
will  be  shown  by  the  extension  of  the  enclosing  bluff  with  decreas- 
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ing  height  along  the  up-valley  side  of  each  spur,  so  that  the  spurs 
have  an  unsymmetrical  cross  section  as  shown  in  the  figure.  No 
flood -plain  is  developed  before  grade  is  reached ;  but  as  soon  as 
this  delicately  organized  condition  is  attained,  further  valley  deep- 
ening is  practically  stopped,  although  the  meander  belt  continues 
to  widen,  and  the  curves  continue  to  advance  slowly  down-valley. 
As  a  result,  narrow  strips  of  flood  plain  in  scroll-like  patterns  must 
be  developed  ;  a  scroll  will  begin  by  lapping  around  the  end  of  a 
spur ;  it  will  then  follow  along  the  gentle  slope  on  the  down-valley 
side  of  the  spur  and  end  with  reversed  curvature  shortly  after  reach- 
ing the  next  enclosing  bluff".  As  time  goes  on,  the  spurs  are  more 
consumed  and  the  scrolls  are  widened.  The  spurs  may  be  trimmed 
into  sharp  cusps,  and  later  reduced  to  blunt  cusps,  and  then  the 
scrolls  must  have  widened  into  shield-like  patterns.  As  the  river 
swings  more  and  more  freely  and  opens  a  valley  floor  of  greater 
breadth  than  the  meander  belt,  the  separate  flood- plain  shields  are 
joined ;  further  than  this  we  need  not  trace  them  here. 

Now  it  is  not  conceivable  that  geographical  items  as  systematic  as 
these  flood-plain  scrolls  should  be  treated  empirically,  after  their 
origin  and  their  development  has  once  been  made  out.  It  suffices 
in  describing  the  meandering  part  of  the  valley  of  the  North 
Branch  of  the  Susquehanna  to  say  that  it  has  reached  the  stage  of 
narrow  flood-plain  scrolls ;  for  on  saying  this,  the  sloping  spurs  and 
the  enclosing  bluffs  at  once  come  to  mind  as  elements  of  form  that 
are  necessarily  correlated  with  the  flood -plain  scrolls.  The  me- 
andering valley  of  the  Ranee  in  Brittany  shows  a  succession  of  nar- 
row scrolls  in  the  most  orderly  arrangement.  The  valley  of  the 
lower  Seine  by  Rouen  possesses  broader  scrolls ;  nearer  the  river 
mouth,  where  the  tides  run  strong,  the  spurs  are  greatly  reduced. 
The  curving  valley  of  the  Evenlode,  a  diminished  headwater  of  the 
Thames  system  in  the  Cotteswold  hills  of  England,  has  sharply 
trimmed  spurs  which  prove  that  the  Evenlode  was  not  beheaded 
until  a  somewhat  advanced  stage  of  valley  development  was 
reached.  The  diminished  stream  now  straggles  irregularly  about 
the  open  valley  floor.  The  valley  of  the  Lot  in  southwestern 
France  may  be  described  as  having  nearly  reached  the  stage  of  con- 
sumed spurs  in  one  cycle,  when  a  moderate  elevation  introduced  a 
new  cycle  in  which  the  stage  of  wide  scrolls  is  now  reached.  The 
essential  features  of  the  valley  are  thus  concisely  indicated,  al- 
though many  individual  variations  from  the  suggested  type  are  to 
be  found. 
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14.  Distinction  of  Geography  from  Geology. — If  the  explanatory 
method  is  adopted  as  appropriate  for  the  physiographic  description 
of  meandering  valleys  in  the  narrow  scroll  stage,  the  same  method 
should  be  adopted  for  all  other  stages  of  valley  carving  and  for  all 
other  land  forms  as  well.  The  orderly  action  of  natural  processes 
through  a  portion  of  past  time  is  implied  in  such  a  phrase  as  "the 
narrow  scroll  stage,"  and  it  is  similarly  implied  in  saying  that 
the  AUeghenies  of  Pennsylvania  are  of  corrugated  mountainous 
structure,  essentially  baseleveled  in  a  former  cycle ;  then  broadly 
elevated  and  thus  standing  long  enough  for  the  weaker  strata  to  be 
etched  out  as  lowlands,  leaving  the  harder  strata  to  stand  up  as 
even-crested  ridges;  and  then  again  moderately  elevated  long 
enough  ago  for  the  valley  lowlands  to  have  now  reached  a  subma- 
ture  stage  of  dissection.  The  descriptions  of  the  Susquehanna  val- 
ley and  of  the  Pennsylvania  AUeghenies  differ  in  the  quantity  of 
past  process  and  of  past  time  involved ;  but  such  a  difference  is 
only  of  degree,  not  of  kind.  If  all  the  stages  of  development 
through  which  the  Pennsylvania  AUeghenies  have  passed  are  traced 
out  for  their  own  sake,  as  much  attention  being  given  to  one 
stage  as  to  another,  then  the  study  is  truly  geological.  If  the 
changes  of  the  past  are  introduced  only  in  so  far  as  they  illuminate 
the  present,  and  with  no  other  object  than  to  secure  such  illumina- 
tion, then  the  study  is  geographical.  It  would  be  as  much  a  mis- 
take to  regard  such  study  as  geological  as  it  would  be  to  say  that  a 
chemist  is  studying  physics  when  he  uses  a  balance  to  weigh  a  pre- 
cipitate, or  that  he  is  studying  mathematics  when  he  calculates 
atomic  weights.  He  is  truly  enough  for  the  time  employing  physical 
and  mathematical  methods,  but  he  is  studying  chemistry.  It 
would  be  no  more  just  to  regard  the  explanatory  description  of 
flood  plains  as  belonging  under  geology  because  it  has  to  deal  with 
past  time,  than  to  treat  it  as  belonging  to  the  study  of  physics  be- 
cause it  involves  the  application  of  physical  principles  in  the  flow  of 
a  stream,  in  the  corrosion  of  its  bed  and  banks  and  in  the  trans- 
portation and  deposition  of  detritus ;  and  surely  it  iJiould  be  no  more 
appropriate  to  regard  such  a  study  of  flood  plains  as  a  part  of 
physics  than  it  would  be  to  take  away  the  spectroscopic  study  of 
the  stars  from  astronomy. 

15.  Dangers  of  Explanatory  Description. — It  is  sometimes  ob- 
jected that  the  explanatory  method  of  description  is  dangerous,  be- 
cause the  observer  who  seeks  to  add   explanation  to  observation 
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may  be  led  to  think  that  he  sees  things  that  do  not  exist.  There  is 
certainly  some  danger  of  this  kind,  but  it  can  be  greatly  lessened 
by  good  training — without  which  the  explanatory  method  is  indeed 
valueless — and  in  compensation  for  the  little  danger  that  remains, 
there  is  the  great  increase  in  the  thoroughness  and  accuracy  of  ob- 
servation that  results  from  bringing  forward  the  various  idealized 
types  to  be  confronted  with  the  facts  in  the  field.  If  doubt  finally 
remains,  it  may  be  expressed  by  the  phrase,  "as  if"  : — The  Sus- 
quehanna valley  looks  as  if  it  were  in  the  stage  of  narrow  flood* 
plain  scrolls.  The  initiated  reader  is  thus  concisely  put  in  posses- 
sion of  the  most  probable  conclusion  as  well  as  of  the  doubt  that 
accompanies  it.  As  a  matter  of  practical  experience,  it  may  be 
urged  that  the  gain  from  attempted  explanation  far  outweighs  its 
danger;  and  in  illustration  of  this  conclusion  reference  may  be 
made  to  the  curious  case  of  the  Connedogwinet,  a  branch  of  the 
main  Susquehanna  opposite  Harrisburg.  The  branch  has  an  un- 
usually serpentine  course,  and  the  tangents  between  its  curves  are 
of  extraordinary  length.  On  visiting  it  in  the  spring  of  1901,  I 
expected  that  it  would  show  normal  narrow  flood-plain  scrolls ;  but  as 
a  matter  of  fact,  its  scrolls  were  found  to  be  distinctly  abnormal,  in- 
asmuch as  they  are  nearly  all  on  the  down -valley  side  of  the  tan- 
gents. Truly,  this  is  not  a  matter  of  great  geographical  conse- 
quence ;  the  farmers  would  cultivate  the  scrolls,  on  whichever  side 
of  the  tangents  they  might  lie ;  but  it  is  certainly  of  some  physio- 
graphical  interest  to  note  their  abnormal  position,  because  it  con- 
tradicts a  generalization  that  is  well  supported  by  the  repeated  oc- 
currence of  examples  in  various  parts  of  the  world ;  a  generalization 
that  is  fully  explained  by  simple  processes,  perfectly  accordant  with 
the  laws  of  stream  flow.  No  explanation  of  the  abnormal  situation 
of  the  Connedogwinet  scrolls  has  yet  been  suggested ;  indeed,  as 
far  as  I  have  read,  no  mention  of  them  as  abnormal  features  has 
ever  been  made.  Their  peculiar  arrangement  seems  never  to  have 
been  noticed  until  it  was  brought  out  as  an  exception  to  the  rule  of 
flood-plain  development.  This  example  may  therefore  be  taken  to 
show  that,  far  from  there  being  serious  danger  of  seeing  imaginary 
facts  by  the  light  of  theoretical  explanation,  a  well  defined  con- 
ception of  ideal  types  is  a  positive  aid  in  correct  observation. 

16.  Framework  of  Physiographic  Classification, — If  the  explanar 
tory  method  of  physiographical  description  were  adopted,  it  would 
result   in  the  construction  of  a  mental  framework  on  which  all 
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imaginable  types  would  find  their  appropriate  place  in  a  systematic 
arrangement.  Each  of  these  types  might  be  considered  to  be  the 
label  on  a  pigeon-hole  ;  and  actual  examples  would  be  placed  in 
their  appropriate  pigeon-hole  as  fast  as  they  were  collected.  The 
compartments  designed  for  common  examples  would  soon  be  filled ; 
while  others  might  long  remain  empty.  Such  a  plan  as  this  greatly 
promotes  systematic  observation,  for  the  very  fact  that  a  certain 
pigeon-hole  contains  no  actual  form  corresponding  to  its  idealized 
type  urges  the  observer  to  search  for  the  missing  example  in  dis- 
tricts where  its  occurrence  is  most  probable.  Revision  of  an 
idealized  type  would  naturally  be  made  whenever  an  example  re- 
sembling it  was  found  ;  for  however  deductive  the  method  of  de- 
veloping types  may  seem  when  here  stated  in  the  abstract,  the 
actual  progress  of  this  sort  of  study  involves  repeated  oscillations 
between  induction  and  deduction,  in  which  each  process  aids  the 
other.  The  types  are  therefore  not  to  be  thought  of  as  fancy 
pictures,  unreasonably  constructed  by  an  ungoverned  imagination 
and  arbitrarily  fixed  by  obstinate  deduction.  They  should  be  the 
very  best  imitations  of  nature  that  the  well-trained  mind  can  con- 
struct, and  they  should  be  held  subject  to  constant  revision  and 
correction  as  fast  as  observation  is  extended. 

The  conservative  geographer  will  hesitate  to  construct  a  frame- 
work in  which  his  types  shall  be  more  numerous  than  his  examples. 
Indeed  it  sounds  at  first  rather  presumptuous  to  say  that  the  variety 
of  idealized  types  can  exceed  the  variety  of  nature ;  but  there  is  no 
doubt  that  it  can.  The  earth  is  after  all  not  so  very  large ;  and 
when  all  the  examples  of  physiographic  items  that  it  contains  shall 
have  been  studied  out  and  systematically  arranged,  it  will  be  easy 
enough  to  construct  imaginary  types  that  belong  between  two 
actual  examples.  Even  if  all  the  items  that  have  existed  in  all 
the  paleogeographies  of  the  earth's  history  were  brought  into 
systematic  arrangement,  it  may  be  doubted  whether  they  would  fill 
all  the  pigeon-holes  of  a  well-imagined  framework,  so  easily  can  the 
imagination  conceive  of  a  type  intermediate  with  respect  to  any 
two  neighboring  examples. 

It  is  therefore  plainly  a  profitable  exercise  for  the  systematic 
geographer  to  elaborate  his  systematic  framework  as  far  as  possible ; 
to  increase  the  number  of  its  little  compartments,  each  bearing  an 
appropriate  label ;  to  arrange  all  the  compartments  in  as  systematic 
an  order  as  he  can  develop ;  and  to  devise  every  means — verbal, 
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graphic  or  mechanical — by  which  the  framework  shall  always  be  at 
his  service  for  practical  use.  Its  value  will  increase  with  every 
step  that  is  taken  towards  a  vivid  realization  of  its  imaginary  con- 
tents. It  may  seem  cumbersome  as  long  as  it  is  unfamiliar  ;  but 
when  it  is  familiarly  known  it  becomes  an  indispensable  aid  in 
practical  work. 

17.  Complexity  of  Geography, — The  whole  current  of  thought 
changes  when  the  ontographic  half  of  geography  is  taken  up.  The 
training  that  is  here  necessary  must  be  gained  largely  through 
biological  study,  while  the  training  for  the  study  of  the  earth  as  a 
globe  is  associated  with  astronomy,  for  the  atmosphere  with  physics, 
for  the  oceans  with  hydrostatics  and  hydrodynamics,  for  the  lands 
with  geology.  Whether  this  diversity  of  discipline  is  an  advantage 
or  not  need  not  be  answered  \  it  is  certainly  a  necessity.  It  is 
perhaps  true  that  geography  has,  by  reason  of  its  many-sidedness, 
a  more  complex  content  than  any  other  science  ;  but  if  so  it  merely 
occupies  a  rank  that  would  be  otherwise  held  by  some  other  subject ; 
and  certainly  there  is  no  impropriety  in  standing  at  either  end  of 
the  list  in  this  respect.  Astronomy  ranks  well  among  the  sciences, 
yet  it  now  calls  for  mathematical,  physical  and  chemical  discipline  ; 
and  if  the  change  of  color  on  the  face  of  Mars  follows  his  seasons 
it  may  be  necessary  to  add  a  biological  discipline  as  well. 

Some  have  feared  that  the  various  parts  of  geography  might  fall 
asunder  from  their  diversity  of  content  and  of  discipline.  So  they 
undoubtedly  would,  but  for  the  bond  of  relationship  that  holds 
them  so  strongly  together.  It  may  perhaps  come  to  be  wise  for 
the  geographer  to  follow  the  example  of  those  engaged  in  other 
sciences  and  limit  his  attention  to  one  part  of  his  subject.  Just  as 
there  are  mathematical  and  physical  astronomers,  inorganic,  organic 
and  physical  chemists,  students  of  ancient,  modern  and  many  other 
groups  of  languages,  so  there  may  advisedly  be  physiographers  and 
ontographers,  instead  of  geographers ;  but  all  this  is  of  secondary 
importance.  Geography  certainly  has  its  inorganic  and  its  organic 
side,  and  both  must  be  understood  by  any  one  who  would  claim  to 
be  a  thoroughly  trained  geographer,  versed  in  the  relationships  by 
which  the  physiographic  and  ontographic  sides  of  the  subject  are 
held  together.  The  reason  that  so  few  persons  can  to-day  rightly 
claim  such  standing  is  not  so  much  because  there  is  any  inherent 
difficulty  in  the  subject  on  account  of  its  breadth  and  its  complexity, 
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as  because  the  subject  is  not  maturely  developed ;  but  this  is  an 
aspect  of  the  question  that  I  shall  elsewhere  consider.* 

i8.  Relation  of  Physiography  and  Ontography, — Unlike  physi- 
ography, which  has  been  recognized  as  an  essential  constituent  of 
geography  for  many  years  past,  ontography  has  to-day  hardly  gained 
an  established  position.  It  is  best  represented  in  Ratzel's  Anthro- 
pogeographiiy  but  this  subdivision  of  the  science  is  concerned  only 
with  the  human  element,  and  that  is  manifestly  but  a  part  of  the 
total  content  of  ontography.  It  is  approached  in  ecology,  but 
none  of  the  many  definitions  of  that  term  cover  all  that  is  here 
intended,  for  ontography  is  meant  to  include  all  the  responses  of 
organic  forms  to  their  physical  environment,  whether  in  physio- 
logical structure,  in  individual  behavior,  or  in  racial  habits. 
Whether  there  is  need  of  this  new  term,  whether  it  will  survive  or 
not,  it  serves  a  present  purpose  in  bringing  clearly  forward  the 
organic  half  of  the  geographical  whole. 

The  subdivision  and  classification  of  ontography  has  not  yet  been 
well  accomplished.  Before  it  can  be  well  done,  there  must  be 
much  searching;  but  we  may  look  forward  to  a  time  when  all 
ontographic  items  shall  be  arranged  on  an  ontographic  framework, 
in  which  every  compartment  shall  have  for  a  label  what  biologists 
might  call  a  type  response.  I  am  persuaded  from  much  profitable 
experience  with  the  physiographical  framework  that  a  corresponding 
advantage  will  come  from  the  construction  and  familiar  use  of  a 
similiar  framework  for  ontography.  Still  more:  the  two  frame- 
works might  be  brought  face  to  face,  and  lines  might  then  be  drawn 
between  them,  connecting  cause  with  effect,  effect  with  cause.  If 
then  a  plane  were  passed  secant  to  all  these  lines  of  relationship,  all 
the  content  of  geography  might  be  projected  along  the  lines  upon 
it.  If  the  plane  were  placed  near  the  physiographic  framework, 
there  would  be  groups  of  points,  where  numerous  radiating  lines 
departing  from  some  dominant  physiographic  control  pass  through 
the  plane  on  their  way  to  various  ontographic  effects.  If  the  plane 
were  passed  near  the  ontographic  framework,  the  grouping  of 
numerous  points  of  intersection  would  serve  to  indicate  those 
organic  forms  which  respond  to  many  physiographic  controls,  while 
isolated  points  would  indicate  forms  that  respond  to  few.     Accord- 
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ing  therefore  as  the  geographical  plane  is  placed  nearer  to  one 
framework  or  to  the  other,  the  presentation  of  the  total  subject 
might  be  made  primarily  physiographic  and  secondarily  ontographic, 
or  the  reverse. 

19.  Subdivisions  cf  Ontography. — It  is  not  an  ontographic  classi- 
fication, but  the  nature  of  such  a  classification  that  can  here  be  set 
forth  to  best  advantage.  There  should  be  two  chief  subdivisions ; 
the  first  includes  those  responses  that  were  initiated  ages  ago  and 
maintained  by  inheritance  till  to-day  because  their  controls  are 
persistent;  the  second,  those  of  relatively  recent  origin.  Further 
subdivision  might  be  made  in  accordance  with  the  standard  classi- 
fications of  botany  and  zoology,  in  which  the  responses  of  all  kinds 
of  plants  and  animals  to  physiographic  controls  would  be  taken  up 
in  their  natural  order.  But  in  view  of  the  repetition  of  similar 
responses  in  many  different  classes  of  organisms,  it  will  be  here 
more  convenient  to  follow  a  physiographic  order  in  the  ontographi- 
cal  classification.  Examples  of  long-inherited  responses  will  be 
mentioned  first. 

As  inhabitants  of  an  earth  whose  mass  is  very  much  greater  than 
that  of  all  its  organic  population,  plants  and  animals  very  generally 
show  a  response  to  the  action  of  gravity  in  their  attitudes  as  well 
as  in  their  structure.  As  inhabitants  of  an  earth  whose  opaque 
surface  is  illuminated  from  without,  the  distribution  of  color  in 
plants  and  animals  is  often  closely  associated  with  the  response  to 
the  downward  action  of  gravity.  As  occupants  of  an  earth  whose 
surface  is  nearly  globular,  plants  and  animals  have  been  allowed  a 
much  wider  migration  than  would  be  possible  for  the  occupants  of 
a  very  irregular  body,  on  whose  surface  gravity  would  vary  greatly. 
None  of  these  responses  are  doubtful  as  to  origin  or  diflficult  as  to 
comprehension ;  they  ought  to  be  introduced  in  the  elementary 
study  of  the  earth  as  the  globe ;  and  their  almost  universal  omission 
from  that  chapter  of  geography  affords  immediate  illustration  of  the 
little  thoroughness  with  which  the  subject  is  treated.  Perhaps 
these  matters  have  been  omitted  because  they  are  regarded  as  of 
less  importance  than  the  names  of  the  branches  of  Siberian  rivers ; 
but  if  so,  a  very  singular  standard  for  the  measure  of  importance 
has  been  accepted.  Many  other  long-inherited  responses  to  the 
physical  features  of  the  earth  as  a  globe  might  be  instanced,  but 
space  is  lacking  for  their  presentation. 

One  of  the  most  universal  of  all  organic  habits,  that  of  breathing 
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free  oxygen,  must  be  regarded  as  the  long-inherited  response  to 
the  presence  of  oxygen  in  the  free  state,  whether  mixed  with  other 
gases  in  the  atmosphere  or  dissolved  in  the  waters  of  the  ocean. 
Organs  of  flight,  to-day  characteristic  of  many  insects  and  birds, 
are  extraordinary  devices  for  movement  through  the  air ;  this  may 
seem  a  valueless  truism  to  some,  but  it  must  be  explicitly  stated  if 
the  ontographic  framework  is  to  be  thoroughly  constructed,  and  if 
conscious  attention  is  to  be  aroused  to  it.  Vocal  organs  are 
responses  to  the  extreme  eclasticity  of  the  air ;  human  speech  may 
be  reckoned  among  the  responses  of  modern  acquisition  under 
this  class.  The  adoption  of  blue  as  one  of  the  prinaary  colors  of  the 
spectrum  is  a  modern  response  to  the  color  of  the  sky ;  a  physio- 
graphic fact  that  has  waited  long  for  its  ontographic  mate.  Pollen 
grains,  spores  and  innumerable  microscopic  organisms  of  great  im- 
portance in  the  economy  of  the  nature,  exhibit  in  their  minuteness 
a  response  to  the  small  sustaining  power  of  the  winds  that  bear 
them  about.  If  climate  were  here  considered  as  well  as  these 
simpler  physiographic  features  of  the  atmosphere,  the  number  of 
ontographic  responses  in  this  class  would  be  greatly  increased. 

The  greater  buoyancy  of  water  than  of  air  has  a  notable  response 
in  the  absence  of  feet  among  most  of  the  swimming  animals  of  the 
ocean.  The  flying  animals  of  the  atmosphere,  on  the  other  hand, 
always  have  legs  to  sustain  them  when  they  alight  on  the  ground 
from  the  little  sustaining  air.  The  same  contrast  between  water 
and  air  must  account  for  the  much  greater  size  of  the  floating 
inhabitants  of  the  ocean  than  of  the  blown-about  organisms  of  the 
atmosphere.  While  the  more  opaque  animals  of  the  sea  usually 
have  a  darker  dorsal  and  a  lighter  ventral  surface,  many  of  the 
floating  animals  find  relative  safety  in  imitating  the  transparence  of 
the  waters  in  which  they  float.  It  is  the  monotony  of  the  cold, 
smooth,  dark  and  quiet  ocean  bottom  that  has  doomed  it  to  be  the 
home  of  the  less  intelligent  organisms,  while  the  variety  of  the 
lands  has  promoted  the  development  of  the  most  remarkable  in- 
stincts and  the  highest  intelligence  among  their  inhabitants. 

The  separation  of  the  lands  into  several  large  continental 
masses  has  led  to  the  division  of  mankind  into  races  ;  and  closely 
associated  with  this  division  into  races  go  many  peculiarities  of 
government,  religion  and  degree  of  civilization.  All  this  is  most 
intimately  connected  with  that  phase  of  ontography  commonly 
called  political  geography;  and  yet  so  arbitrary  and  irrational  is 
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the  traditional  classification  of  geographical  topics  that  the  division 
of  mankind  into  races  is  commonly  taught  under  physical  geography. 
The  races  may  be  fairly  enough  introduced  there  as  illustrations  of 
ontographical  consequences  following  from  physiographical  con- 
trols ;  but  to  regard  them  as  essentially  physiographic  topics  shows 
a  regrettable  failure  to  recognize  the  essential  quality  of  geographi- 
cal discipline. 

The  simple  physiographic  factor  of  distance  is  of  great  impor- 
tance. It  involves  the  separation  of  the  people  of  a  race  into 
many  families,  and  thus  is  a  determining  cause  of  difference  of 
language  and  of  many  other  habits.  The  unevenness  of  surface 
exhibited  in  mountain  ranges  is  of  small  measure  in  comparison  to 
the  dimensions  of  the  earth,  and  yet  it  suffices  to  make  movement 
so  difficult  that  the  occupants  of  one  valley  may  have  a  distinctly 
different  dialect  from  those  in  a  neighboring  valley.  How  circum- 
scribed would,  have  been  the  migrations  of  the  earth's  inhabitants 
if  the  height  of  mountain  ranges  were  a  large  part  of  the  earth's 
radius  !  The  sheet  of  loose  rock  waste  by  which  the  lands  are  so 
largely  covered  not  only  supports  the  growth  of  plants,  but  has 
been  adopted  as  a  home  by  many  kinds  of  animals  ;  and  according 
as  the  waste  is  a  coarse  talus  lying  on  the  steep  slopes  of  a  young 
mountain  side,  or  a  fine,  deep  soil  blanketing  a  peneplain,  its  oc- 
cupants are  of  different  kinds.  Instances  of  this  kind  might  be  ex- 
tended without  number. 

Examples  of  modern  responses  to  physiographic  controls  are 
best  found  in  those  new-fashioned  characteristics  of  mankind  that 
are  seen  in  sites  of  settlement,  routes  of  travel,  and  in  the  develop- 
ment of  trades  and  of  commerce. 

Settlements  in  deserts  offer  particularly  striking  illustrations  of 
the  dependence  of  population  on  water  supply.  Settlements  on 
rivers  are  largely  determined  by  head  of  tide,  by  falls,  and  by 
fords.  Settlements  on  coasts  are  influenced  by  protection  from  the 
open  sea,  and  by  ease  of  access  from  sea  and  land.  The  routes  of 
trade  and  commerce  are  guided  by  physiographic  factors  literally 
at  every  turn.  Straight  roads  are  laid  out  on  plains,  but  winding 
valleys  are  commonly  followed  in  regions  of  strong  relief;  tunnels 
are  driven  through  mountains ;  short-cuts  are  made  through  isth- 
muses. Here  as  before,  illustrations  are  endless;  yet  abundant  as 
they  may  be,  they  have  not  yet  been  well  classified.  At  the  present 
day,  ontography  is  less  developed  than  physiography. 
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Many  examples  are  individual  rather  than  generic.  It  was  the 
shoals  remaining  where  morainic  islands  once  arose  that  turned  the 
Mayflower  northward  from  a  course  that  might  have  led  her  south 
of  Cape  Cod  to  New  Amsterdam  ;  it  was  the  greater  height  of  the 
mainland  where  the  moraines  of  Manomet  were  piled  upon  it  that 
led  the  Pilgrims  from  their  first  landing  at  Provincetown  to  the  quiet 
harbor  of  Plymouth.  The  varied  course  of  human  history  affords 
innumerable  examples  of  this  kind.  It  would  be  profitable  to 
make  a  long  list  of  them,  to  classify  the  items  thus  gathered,  and 
to  select  the  best  examples  of  various  classes  for  presentation  as 
types.  A  geographer  who  was  well  informed  regarding  such  types 
would  undoubtedly  be  more  observant  in  his  travels  than  many 
travelers  are  to-day.  He  would  be  continually  asking  questions 
and  finding  answers  where  he  is  now  silent. 

20.  Regional  Geography, — It  is  in  the  prevalently  unsuccessful 
treatment  of  regional  geography  that  the  undeveloped  condition  of 
systematic  geography  is  made  most  apparent.  It  is  well  recog- 
nized in  the  organic  sciences  that  only  after  a  general  understand- 
ing of  systematic  botany  or  systematic  zoology  is  gained  can  a 
profitable  attempt  be  made  to  describe  the  flora  or  the  fauna  of  a 
limited  district.  The  same  principle  undoubtedly  obtains  in  geog- 
raphy j  yet  nothing  is  more  common  in  geographical  literature  than 
an  attempt  to  treat  the  geography  of  a  certain  region  before  any 
thorough  system  of  geography  has  been  agreed  upon.  This  error 
is  in  the  way  of  being  corrected,  but  it  is  still  a  prevalent  error.  In 
texts  on  physical  geography,  for  example,  it  is  still  common  to  find 
an  attempt  made  to  describe  the  physiographic  features  of  the 
several  continents  before  any  sufficient  understanding  has  been 
gained  as  to  the  nature  of  physiographic  features.  The  year  of 
study  commonly  allotted  to  this  subject  in  the  schools  is  none  too 
long  for  a  sound  systematic  course,  and  by  no  means  long  enough 
for  the  addition  of  a  regional  course  as  well.  Systematic  phy- 
siography may  be  vivified  by  the  introduction  of  many  well- 
selected  examples  from  various  parts  of  the  world,  but  there  is  not 
time  in  a  single  year  to  present  a  substantial  account  of  the  con- 
tinents or  even  of  a  single  continent  in  addition  to  the  systematic 
account  of  the  whole  subject. 

21.  Conclusion. — The  practical  conclusion  of  all  this  is  that  it  is 
the  nature  of  geography  as  a  whole,  rather  than  the  accumulation  of 
unassorted  and  uncorrelated  items,  that  demands  the  attention  of 
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geographers.  Careful  analysis  and  arrangement  of  the  content  of 
the  subject  is  as  greatly  needed  as  the  exploration  of  unknown 
lands.  It  must  be  remembered,  however,  that  the  object  of  analysis 
and  classification  is  to  render  practical  aid  in  the  understanding  of 
geographical  items,  old  and  new.  There  should  be  no  hindrance 
placed  in  the  way  of  the  active  pathfinders  who  seek  to  enter  un- 
known lands;  but  there  should  be  every  encouragement  given  to 
those  who  believe  that  some  of  the  unknown  elements  of  geography 
may  be  discovered  without  going  far  from  home. 


Stated  Meeting,  April  18,  1902. 

President  Wistar  in  the  Chair. 

Present,  16  members. 

Letters  accepting  membership  were  read  from 

Dr.  John  A.  Brashear,  Allegheny,  Pa. 

Dr.  Andrew  Carnegie,  New  York. 

Prof.  William  B.  Clark,  Baltimore. 

Dr.  Hermann  Collitz,  Bryn  Mawr.  Pa. 

President  Arthur  T.  Hadley,  New  Haven. 

Prof.  George  E.  Hale,  Williams  Bay,  Wis. 

Dr.  C.  Hart  Merriam,  Washington. 

Prof.  Theodore  W.  Richards,  Cambridge. 

Prof.  Felix  E.  Schelling,  Philadelphia. 

Prof.  Robert  Henry  Thurston,  Ithaca,  N.  Y. 

Prof.  Robert  S.  Woodward,  New  York. 
Mr.  Thomas  Willing  Balch  presented,  on  behalf    ot    his 
brother   and   himself,    the   MS.  account   book  of   the  first 
**  Philadelphia  Assembly,"  1748,  and  read  a  note  thereon. 

Mr.  Alden  Sampson  read  a  paper  on  **  The  Ruins  of  Pal- 
myra,  with  a  Brief  Consideration  of  the  Ancient  Estate  of 
that  City.'' 
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THE  FIRST  ''ASSEMBLY  ACCOUNT" 
—PHILADELPHIA,  1748. 

BY  THOMAS  WILLING   BALCH. 
{Read  April  18,  190S.) 

John  Swift,  a  Manager  and  the  Treasurer  of  the  First  Assemblies, 
was  the  eldest  child  of  John  Swift  and  Mary  White,  his  wife,  of 
London.  He  was  born  in  1720.  He  went  to  England  together 
with  his  younger  brother,  Joseph  Swift,  where  they  visited  their 
uncle,  John  White,  of  Croydon,  now  a  part  of  London.  Return- 
ing to  America  in  1 747  he  was,  as  a  merchant  of  Philadelphia,  very 
successful.  He  was  a  member  of  the  Common  Council  from  1757 
to  1776,  and  Collector  of  the  Port  of  Philadelphia  from  1762  to 
1772.  During  the  latter  part  of  his  life  he  lived  at  "Croydon 
Lodge,"  in  Bucks  County,  where  he  died  in  1802  and  was  buried 
in  Christ  Church  burying  ground,  Philadelphia,  January  14,  1803. 

The  Philadelphia  Assemblies  began  in  1748,  only  five  years  after 
the  organization  of  this  Society.  They  are,  I  believe,  the  oldest 
dancing  organization  in  the  country,  their  only  serious  rival,  the 
Saint-Cecdia  Society,  of  Charleston,  dating  from  several  years 
later.  During  the  winter  of  1 748,  six  Assemblies  were  given  under 
the  management  of  four  Directors :  L)aiford  Lardner,  John  Inglis, 
John  Wallace  and  John  Swift.  There  is  a  tradition  in  the  Swift 
family  that  the  Jirs/  meeting  at  which  the  Assemblies  originated 
was  held  at  John  Swift's  house.  There  were  fifty-nine  subscribers 
in  all,  and  as  an  invitation  was  extended  to  the  families  of  every 
head  of  a  family  who  subscribed,  probably  some  two  hundred 
persons  were  eligible  to  attend  the  dances.  The  subscription  was 
two  pounds  sterling.  In  1879,  ^r.  Charles  Swift  Rich6  Hildeburn,  • 
a  descendant  of  John  Swift,  the  Manager  and  the  Treasurer,  and 
Mr.  Richard  Penn  Lardner,  a  descendant  of  the  first  Lynford 
Lardner,  the  Manager,  presented  to  the  Historical  Society  of  Penn- 
sylvania two  documents  intimately  connected  with  the  First  Assem- 
blies. Mr.  Hildeburn  gave  the  rules  to  govern  the  dances,  and 
Mr.  Lardner  gave  the  list  of  the  original  subscribers. 

A  third  manuscript  relic  of  those  gay  festivities  is  the  account 
book  kept  by  John  Swift.  It  descended  through  the  lineal  descend- 
ants of  John  Swift  to  that  learned  and  accomplished  antiquarian 
and  bibliophile,  the  late  Mr.  Hildeburn,  a  member  of  this  Society. 
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It  is  a  small,  thin  book,  and  Mr.  Swift  used  it  originally  for  some 
of  his  own  accounts,  and  for  some  land  transactions  for  his  younger 
brother  Joseph.  On  one  cover  he  wrote:  "Account  book  1746." 
When  the  Assemblies  were  instituted  and  his  fellow-managers  chose 
him  the  Treasurer,  he  turned  to  the  other  end  of  this  little  book  and 
there  kept  the  "Assembly  Account.**  Owing  to  age  and  neglect 
— indeed,  had  it  not  been  for  the  keen  antiquarian  eye  of  Charles 
Hildeburn,  it  would  probably  long  ago  have  gone  to  the  paper  mill 
— the  Account  Book  :s  much  worn  and  somewhat  injured.  But 
now  it  has  been  treated  by  an  expert,  and  every  sheet  covered  with 
silk  so  as  to  guard  it  against  any  future  weathering  of  time. 

An  examination  of  the  account  shows  that  the  six  Assemblies  of 
1748  were  far  less  costly  than  the  two  large  balls  that  are  now  given 
annually  at  the  Academy  of  Music ;  or,  for  that  matter,  even  the 
three  balls  that  were  held  each  season  about  fifty  years  ago  at 
Musical  Fund  Hall.  In  one  respect,  however,  those  old  worthies 
were  not  behind  the  present  generation,  for  taking  all  things  in 
proportion  they  provided  rum  liberally.  The  record  kept  by  Mr 
Swift  is  somewhat  injured,  so  that  it  is  impossible  to  state  exactly 
how  much  he  disbursed,  but  the  whole  cost  of  the  six  dances  seems 
to  have  amounted  to  a  little  more  than  ^£130^  As  there  were  only 
fifty-nine  subscribers  at  forty  shillings  each,  which  gave  a  total  of 
jCiiS,  the  Managers  doubtless,  as  so  often  happens  nowadays  in 
all  sorts  of  social  and  philanthropic  undertakings,  had  to  put  their 
hands  in  their  own  pockets.  A  few  extracts  from  the  expenses  show 
the  modest  and  simple  character  of  the  entertainments : 

"  pd  Mary  Dicas  for  China 
&  Candles  as  per 

Acct  ending  7^^  March  .                 .          8156 

pd  Mr.  Inglis  for  Sundries  .                          .    —  19    — 

i6«*^  [March]  pd  for  Bisket  ...        —      96 

pd  Musick I  10    — 

pd  Diana      .         .        .  '     .  .                         —      26" 

And  again  : 

jT.  s.  d, 

"  pd  for  2  Gallons  Spirit  —  15  — 
pd  Sharper  5  nights 

attendance —  18  9 

pd.  Greek  for  attendance     ....  —  76 

pd.  Mr  Inglis  for  rent 20  —  —  " 
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The  Managers  of  the  first  Assemblies  had  to  pay  a  tax,  both  to 
the  city  and  to  the  county,  as  may  be  seen  by  turning  to  Mr.  Swift's 
Account  Book ;  but  as  the  book  is  there  somewhat  torn,  it  is  impos- 
sible to  know  how  much. 

From  the  time  the  Assemblies  were  first  organized  to  the  present, 
they  have  continued  with  pretty  general  regularity  except  when 
interrupted  by  war  or  other  serious  drawbacks.  They  have  been 
held  in  various  places,  and  the  names  on  the  list  of  subscribers 
have  changed  very  much.  Many  of  the  Quaker  families — such  as 
the  Rawles,  the  Norrises,  the  Logans,  the  Whartons,  etc. — that 
owing  to  their  faith  kept  aloof  at  first  from  such  gay  and  frivolous 
pastimes,  later  joined  in  with  the  Shippens,  the  Willings,  the  Swifts, 
the  McCalls,  the  Hopkinsons,  the  Lardners,  the  Francises,  the 
Bonds,  the  Lawrences,  and  others  who  were  among  the  first  list  of 
subscribers.     And  some  of  the  old  names  alas  have  died  out. 

It  is  not  inappropriate  on  this  occasion  to  recall  to  mind  a  few  of 
the  ladies  who  took  part  in  those  entertainments  in  the  latter  half 
of  the  eighteenth  century.  Lieutenant- Colonel  Joseph  Shippen,  a 
graduate  of  Princeton,  who  was  elected  a  member  of  this  Society, 
January  19,  1768,  and  who  served  under  Forbes  in  the  capture  of 
Fort  Duquesne,  and  was  a  generous  patron  and  benefactor  of  Benja- 
min West,  has  portrayed  for  us  a  charming  picture  of  some  of  the 
belles  that  reigned  supreme  at  the  Assemblies  in  his  day.  In  the 
"  Lines  written  in  an  Assembly  Room,*'  which  he  wrote  at  least  as 
early  as  1774,  and  very  probably  in  the  sixties,  he  says: 

"  With  just  such  elegance  and  ease, 
Fair  charming  Swift  appears ; 
Thus  Willing,  whilst  she  awes,  can  please ; 
Thus  Polly  Franks  endears. 
******** 
"  With  either  Chew  such  beauties  dwell, 
Such  charms  by  each  are  shared, 
No  critic's  judging  eye  can  tell 
Which  merits  most  regard. 

"  Tis  far  beyond  the  painter's  skill 
To  set  their  charms  to  view ; 
As  far  beyond  the  poet's  quill 
To  give  the  praise  that's  due." 

The  invitation  card  to  the  Assemblies  for  1790  for  Colonel  Ship- 
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pen's  daughter  Mary — better  known  as  "Polly"  Shippen — has  been 
preserved,  and  reads  as  follows: 

"  Philadelphia  Assembly.  1790. 

The  Favour  of  Miss  P.  Shippen*s 
Company  is  requested  for  the  Season. 

J.  M.  Nesbitt,  W.  Stewart, 

Geo.  Meade,  Jos.  Redman, 

John  Swan  wick,  George  Harrison, 

Managers.'' 

Another  card  for  the  season  of  1850,  when  three  Assemblies  were 
given  at  Musical  Fund  Hall,  is  thus  inscribed : 

"  Assemblies. 

"  The  Honor  of 

Company  is  requested  for  the  Season. 

"  John  M.  Scott,              ^  ^  James  H.  Blight, 

Thomas  Cadwalader,  i  I  B.  W.  Ingersoll, 

Joseph  Swift,                 '  j  William  T.  Twells, 

Charles  Willing,         '  anagerx,      Alexander  Biddle. 


Richard  Vaux, 
M.  G.  Evans. 


William  W.  Fisher, 
Bernard  Henry,  Jr.' 


During  the  Civil  War  the  Assemblies  were  completely  stopped ; 
but  after  the  conclusion  of  that  great  struggle  they  were  revived  in 
1866,  at  the  Academy  of  Music,  by  Dr.  Alexander  Wilcocks,  who 
was  a  Manager  before  the  war,  William  Henry  Rawle  and  other 
gentlemen. 

We  Americans,  in  the  rush  and  stress  of  every-day  life,  are  too 
apt  to  forget  that  those  things  we  enjoy  to-day  are  in  a  measure  due 
to  those  who  built  in  an  earlier  time.  It  is  good  to  have  some 
reverence  for  the  experiences  of  the  past  as  we  prepare  for  the 
future.     Charles  Lamb,  in  one  of  his  sonnets,  tells  us : 

"  'Tis  man's  worst  deed 
To  let  the  things  that  have  been  run  to  waste. 
And  in  the  unmeanmg  present  sink  the  past : 
In  whose  dim  glass  even  now  I  faintly  read 
Old  buried  forms  and  faces  long  ago." 

While  we  should  not  worship  what  has  been  so  much  as  to  forget 
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to  labor  in  the  present  and  for  the  future,  we  should  not  be  entirely 
oblivious  of  those  who  have  gone  before.  And  as  unless  old  papers 
and  books  are  properly  housed  in  some  collection  like  that  of  the 
American  Philosophical  Society,  they  are  pretty  sure  in  the  changes 
and  ups  and  downs  of  fortunes  of  their  various  succeeding  owners 
to  be  eventually  destroyed,  it  is  with  peculiar  pleasure,  therefore, 
that  in  behalf  of  my  brother,  Mr.  Edwin  Swift  Balch  and  myself, 
I  am  able  to  present  to  the  Society  the  Account  Book  of  the  First 
Assemblies  kept  by  our  great-great-great- uncle,  John  Swift,  and  so 
insure  its  future  preservation. 


Stated  Meeting,  May  L\  1902, 

President  Wistar  in  the  Chair. 

Present,  7  members. 

'  Mr.  Benjamin  C.  Tilghman,  Jr.,  a  newly  elected  member, 
was  presented  to  the  Chair,  and  took  his  seat  in  the  Society. 
Letters  accepting  membership  were  read  from 

Mr.  Grove  K.  Gilbert,  Washington. 

Prof.  Paul  Haupt,  Baltimore. 

Prof.  Albert  A.  Michelson,  Chicago. 

Mr.  Benjamin  C.  Tilghman,  Jr.,  Philadelphia. 

M.  Gaston  Darboux,  Paris. 


Stated  Meeting,  May  16,  190i\ 

President  Wistar  in  the  Chair. 

Present,  19  members. 

Prof.  Hermann  Collitz  and  Prof.  Felix  E.  Schelling,  newly 
elected  members,  were  presented  to  the  Chair,  and  took  their 
seats  in  the  Society. 

Letters  accepting  membership  were  read  from 
M.  Henri  Beequerel,  Paris. 
Prof.  G.  Johnstone  Stoney,  London. 
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A  letter  was  read  from  the  Comity  de  1' Exposition  Inter- 
national de  PArt  et  de  la  Paix,  inviting  the  Society  to  par- 
ticipate in  the  International  Exposition,  to  be  held  at  Lisbon 
in  May,  on  the  anniversary  of  the  Conference  at  The  Hague. 
The  decease  was  anounced  of 

Mr.  Paul  Leicester  Ford,  at  New  York,  on  May  8,  aged  37. 
President  Henry  Morton  at  Ilobokeu,  on  May  9,  aged  65. 
Mr.  Stewart  Culin  read  a  paper  on  the  Indians  of  the 
Southwestern  United  States. 
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BY   DR.   A.    E.    ORTMANN. 

(^Read  April  S,  190S,) 

INTRODUCTION. 

During  the  last  decennium  Zoogeography  has  developed  in  a  very 
peculiar  direction,  which,  in  a  large  part,  is  directly  opposite  to 
the  methods  introduced  by  Wallace.  The  professed  aim  of  the 
latter  was  the  creation  of  a  zoogeographical  division  of  the  earth's 
surface  into  regions,  realms  and  the  like,  the  purpose  of  which  was 
the  subordination  of  the  facts  of  animal  distribution  under  a  fixed 
scheme ;  and  since  it  was  self-evident  from  the  beginning  that  the 
distribution  of  animals  ought  to  express  the  physical  conditions  of 
the  earth's  surface,  it  was  assumed  that  the  proposed  zoogeographi- 
cal divisions  correspond  to  the  chief  features  of  the  distribution  of 
the  conditions  of  life. 

Soon,  however,  it  was  discovered  that  it  is  impossible  to  give  a 
division  of  the  earth's  surface  that  could  claim  general  recognition. 
It  is  true  that  each  of  the  proposed  schemes  was  actually  supported 
by  more  or  less  numerous  instances  of  distribution,  and  that  in 
many  cases  the  physical  factors  influencing  and  explaining  these 
divisions  were  easily  understood ;  but  there  was  always  alongside  of 
the  supposed  normal  conditions  a  number  of  exceptional  cases, 
where  the  actual  distribution  of  certain  animals  or  animal  groups 
was  directly  the  opposite.  One  of  the  chief  causes  of  this  fact  has 
already  been  recognized  and  carefully  studied  by  Wallace.     It  is 
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the  difference  of  the  means  of  dispersal  of  the  various  groups  of 
animals.  On  account  of  these  anomalies  Wallace  constructed  his 
regions  chiefly  for  Mammals  and  Birds,  excluding  all  the  rest  of  the 
animal  kingdom.^ 

This  method,  however,  can  never  be  satisfactory.  It  amoimts  to 
nothing  but  the  creation  of  an  arbitrary  scheme  which  may  corre- 
spond to  some  of  the  facts ;  but  if  there  are  any  other  facts  that  do 
not  fit  into  it — as  very  often  happens — they  are  simply  thrown  out 
and  neglected. 

But  this  is  not  all.  Even  the  restriction  of  Wallace's  regions  to 
a  single  group  of  animals  proved  insufficient  to  cover  all  cases 
within  this  group.  This  is  true  also  of  all  other  schemes  that  have 
been  proposed  by  other  writers  for  the  same  or  other  smaller 
groups.  In  every  single  instance  there  were  exceptions  to  the  rule, 
and  for  some  time  it  seemed  difficult  or  even  impossible  to  deal 
with  these  apparent  anomalies;  in  fact,  none  of  the  proposed 
divisions  into  regions  can  be  applied  to  all  cases,  even  within 
smaller  groups. 

The  correct  understanding  of  this  fact,  that  a  large  number  of 
animals  does  not  submit  to  any  of  the  proposed  schemes  that  profess 
to  comply  with  the  present  distribution  of  the  condition  of  life,  was 
made  possible  by  the  consideration  that  the  actual  distribution  of 
any  animal  must  have  originated  in  the  past.  Although  there  are 
some  animals  the  history  of  which  does  not  go  very  far  back,  in  a 
geological  sense,  there  are  others  which  do,  and,  generally  speak- 
ing, we  may  say  that  the  farther  back  we  go  in  geological  history 
the  more  different  were  the  conditions  of  life  from  what  they  are 
now,  and  the  present  distribution  of  the  respective  forms  must  nec- 
essarily appear  the  more  strange  and  anomalous.  Wallace,  indeed, 
tried  to  remove  this  difficulty  in  a  very  peculiar  way.  He  simply 
propounded  his  principle  of  the  pernianency  of  the  continents, 
which  means  to  say  that  the  present  distribution  of  land  and  water 
(and  in  general  of  the  physical  conditions  of  life)  did  not  change 
materially  during  the  earth's  history,  and  that  the  external  features 
of  the  earth's  surface  have  remained  practically  identical  from  time 
immemorial  up  to  the  present.      That   this  principle  is  without 

1  This  exclusive  restriction  to  the  higher  forms  of  life  (Mammals,  Birds)  is  a 
principle  of  Wallace  and  has  been  expressly  maintained  by  him  as  late  as  in  1894 
(see  Nature^  Vol.  xlix,  1894,  p.  610). 
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proper  foundation  has  now  been  recognized  and  the  opposite  opinion 
begins  to  prevail,  that  abnormal  conditions  of  distribution  are  due 
to  just  such  changes  of  the  physical  conditions  during  a  geological 
past,  and  that  cases  of  this  kind  may  often  enable  us  to  draw  con- 
clusions as  to  the  reconstruction  of  the  old  conditions.  We  may 
safely  assume  that  the  character  of  the  physical  conditions  of  the 
earth's  surface  has  changed  continuously  and  variously  in  the  past 
and  that  we  possess  among  living  animals  many  forms  which  express 
in  their  present  distribution  not  only  the  Tertiary  state,  but  which 
may  also  represent  Mesozoic  or  even  Palaeozoic  conditions.  Thus 
it  is  evident  that  investigation  of  the  present  distribution  cannot  be 
used  as  the  starting  point  for  the  construction  of  any  scheme.  This 
has  been  done,  however,  not  only  by  Wallace — who  entirely  disre- 
garded the  above  fact — but  also  by  others,  who  paid  due  attention 
to  it.  Indeed  Osborn  *  has  pronounced  it  the  purpose  of  Zoogeog- 
raphy to  unite  past  and  present  distribution  into  one  scheme,  and 
the  same  idea  has  led  Jacobi '  to  attempt  practically  this  union. 

But  if  we  study  the  most  prominent  differences  between  past  and 
present  we  see  that  they  are  chiefly  found  in  the  different  distribu- 
tion of  land  and  water,  and  that  frequently  in  past  times  land  con- 
nections existed  between  parts  which  are  now  separated,  or  vice 
versa;  and  thus  it  is  self-evident  that  the  solution  of  Osbom's 
problem  is  simply  impossible,  since  there  is  no  way  to  exoress 
separation  and  connection  of  the  identical  parts  in  one  and  the 
same  scheme.' 

We  consequently  arrive  at  the  following  three  conclusions : 

1.  Any  division  of  the  earth* s  surface  into  zoogeographical  regions 
which  starts  exclusively  from  the  present  distribution  of  animals^ 
without  considering  its  origin,  must  be  unsatisfactory,  since  always 
only  certcUn  cases  can  be  taken  in  while  others  remain  outside  of  this 
scheme. 

2.  Considering  the  geological  development  of  the  distribution  of 

1  H.  F.  Osborn, «  The  Geological  and  Faunal  Relation  of  Europe  and  America 
During  the  Tertiary  Period,  etc.,**  in  Ann,  M  Y.  Acad,  Scu,  VoL  xiii,  1900,  p. 
48,  and  in  Science,  April  13, 1900,  p.  563. 

*  A.  Jacobi,  •«  Lage  und  Form  biogeographischer  Gebiete  **  {Zeitschr,  Gts. 
fuer  Erdkunde,  Berlin,  Vol.  xxxv,  1900). 

>  This,  of  course,  does  not  dispose  entirely  of  Osbom's  problem.  On  the  con. 
trary,  it  remains  "the**  problem  of  Zoogeography, only  we  have  to  change  its 
formal  expression  and  to  say  that  the  historical  union  of  past  and  present  distri* 
bation  is  the  purpose  of  zoogeographical  study. 
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animals^  we  must  pronounce  it  impossible  to  create  any  scheme  what- 
ever that  covers  all  cases, 

3.  Under  these  circumstances  it  is  incorrect  to  regard  the  creation 
of  a  scheme  of  animal  distribution  as  an  important  feature  or  purpose 
of  zoogeographical  research. 

Thus  we  are  justified  in  saying  that  zoogeographical  study,  as 
introduced  by  Wallace,  is  not  directed  in  the  proper  channels,  and 
we  are  confronted  with  the  question,  If  the  creation  of  regions  of 
animal  distribution  is  not  a  matter  of  first  importance,  which  is  the 
vital  point  in  this  branch  of  research  ? 

This  question  has  been  practically  answered  by  many  writers.  I 
name  the  following :  G.  Pfeffer,  E.  von  Ihering,  H.  A.  Pilsbry, 
R.  F.  ScharfT,  C.  Hedley,  W.  Kobelt,  H.  F.  Osborn,  A.  Jacobi 
(besides  others),  and  these  we  may  take  as  representatives  of  the 
modern  tendency  in  Zoogeography.  According  to  these  authors 
the  chief  aim  of  zoogeographical  study  consists — ^as  in  any  other 
branch  of  biology — in  the  demonstration  of  its  geological  develop- 
ment. We  have  to  designate  this  most  emphatically,  as  the  final 
goal  of  Zoogeography :  the  retracing  of  the  present  animal  distri* 
bution  to  its  beginning  in  the  past,  and  a  corollary  of  this  is  the 
reconstruction  of  the  ancient  physical  features  of  the  earth's  surface, 
since  these  in  the  first  place  have  guided  the  development.  In  the 
latter  respect  the  distribution  of  land  and  water  in  past  times  is  all- 
important  and  the  easiest  to  be  traced. 

Thus  Zoogeography  becomes  a  very  important  aid  not  only  to 
physical  Geography  itself,  but  also  to  historic  Geology. 

The  above  introductory  remarks  seem  necessary,  because  the 
purpose  and  methods  of  the  new  tendency  in  Zoogeography  have 
been  frequently  misunderstood,  and  especially  because  it  was  not 
seen  that  in  this  way  the  fruitless  discussions  on  the  limits  and 
value  of  the  different  zoogeographical  regions,  etc.,  have  been  ren- 
dered unnecessary.  Yet  it  is  a  habit  among  zoogeographers  to 
create  or  discuss  zoogeographical  regions  according  to  Wallace's 
ideas,  and  this  is  done  not  only  by  writers  who,  like  Wallace  and 
Sclater,  are  principally  opposed  to  any  progress  in  Zoogeography, 
but  also  by  those  who  are  familiar  with  the  new  ideas  about  the  geo- 
logical development  of  animal  distribution.  The  old  method  has 
become  an  integral  part  of  this  branch  of  science  to  such  a  degree 
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that  any  research  in  this  direction  is  deemed  incomplete  that  is  not 
finished  by  the  creation  or  discussion  of  "  regions." 

In  opposition  to  this,  we  wish  to  emphasize  that  we  consider  it 
entirely  a  matter  of  indifference  whether  we  accept  any  regions  or 
not,  since  none  of  the  possible  schemes  can  be  satisfactory.  Only 
in  a  very  limited  degree  and  in  a  modified  sense  we  believe  it  ad- 
visable to  divide  the  earth  into  regions,  and  we  have  proposed  such 
a  division  for  the  marine  life  districts.'  This  scheme,  however,  is 
not  intended  to  represent  or  to  express  the  actual  distribution  of 
any  animals,  but  it  is  a  scheme  of  the  distribution  of  the  conditions 
of  existence  in  the  oceans  of  the  present  time  without  consideration 
of  the  past  or  of  any  definite  group  of  animals.  The  only  purpose 
of  these  regions  is  to  single  out  those  marine  animals  which  corre- 
spond to  the  normal  conditions  of  life  and  to  separate  them  from 
the  abnormal  cases ;  under  "  normally  distributed^*^  consequently,  we 
mean  those  animals  which  shape  their  distribution  according  to  the 
present  features  of  the  earth's  surface  and  which  belong  in  their 
origin  to  recent  time.  All  the  rest  differs  and  does  not  fit  into 
these  regions ;  but  instead  of  leaving  them  out  of  consideration  we 
know  that  just  these  cases  are  the  most  interesting,  since  they 
demand  closer  investigation.  In  most  cases  we  find  that  these  in- 
stances of  ''abnormal "  distribution  are  to  be  traced  back  into  the 
geological  past  in  order  to  be  properly  understood.  This  latter 
study  is  the  most  important  branch  of  Zoogeography,  and  we  see 
that  the  introduction  of  "regions"  in  our  method  is  only  the 
means  by  which  we  discover  the  more  interesting  and  important 
cases,  but  it  is  not  the  final  aim. 

Of  course  the  same  method  may  also  be  used  for  land  and  fresh- 
water animals,  and  it  may  here  be  incidentally  remarked  that  the 
regions  proposed  by  Wallace  are  in  this  respect  superior  to  any 
modifications  introduced  by  later  authors,  since  they  generally  are 
well  limited  and  isolated  by  physical  boundaries  given  on  the  sur- 
face of  the  earth.  But  if  we  are  satisfied  with  the  simple  statement 
of  the  fact  that  some  animals  fit  into  these  regions  while  others  do 
not,  we  do  not  approach  the  solution  of  the  question  as  to  how  the 
actual  distribution  originated :  we  are  to  advance  one  step  further 
and  investigate  those  cases  which  do  not  submit  to  the  scheme. 
The  final  aim  of  this  investigation  is  to  compare  and  group  together 

^  Ortmann,  A.  E.,  Grundzuege  der  marinen  Tkier geographies  Jena,  1896. 
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those  abnormal  cases  which  resemble  each  other.  Thus  we  gain 
certain  general  views  as  to  ancient  geography,  and  we  are  finally 
enabled  to  trace  the  distribution  of  land  and  water,  of  climatic  con- 
ditions and  the  like  in  the  geological  past. 

Most  prominent  among  the  groups  of  animals  that  are  available 
for  these  investigations  are  the  Mammals^  and  they  have  actually 
been  used  for  just  this  purpose  by  various  authors  (Doederlein, 
Zittel,  Lydekker,  Scharff,  Osbom).  The  palseontological  material 
within  this  group  is  the  most  complete  of  all.  But  there  is  one  im- 
portant drawback :  since  the  history  of  the  Mammals  hardly  goes 
back  beyond  Tertiary  times,  at  any  rate  since  the  palseontological 
record  of  this  group  is  more  or  less  complete  only  within  the  Ter- 
tiary, we  can  only  draw  conclusions  from  them  as  to  the  geographi- 
cal conditions  of  this  period,  while  we  have  to  refrain  from  an 
investigation  of  those  of  the  Mesozolc  times. 

This  is  a  very  different  matter  with  the  land  and  freshwater  Mol- 
lusks.  According  to  what  we  know,  it  is  apparent  that  many  of 
these  forms  can  be  traced  back  to  Mesozoic  times,  sometimes  even 
to  Palaeozoic,  and,  indeed,  it  is  this  group  of  animals  that  has  fur- 
nished the  material  for  the  studies  of  von  Ihering,  Pilsbry,  Hedley, 
Kobelt,  and  we  are  to  expect  that  further  investigation  in  this  direc- 
tion may  yield  interesting  results. 

Other  groups  have  also  been  used.  Von  Ihering  introduced  the 
study  of  Ants,  and  there  may  be  other  promising  groups  among  the 
Insects  (for  instance  Spiders).  But  since  the  majority  of  the  Insects 
possess  unusual  means  of  dispersal  (power  of  flight)  that  are  apt  to 
obscure  the  original  conditions  of  distribution.  Insects  in  general 
are  not  well  adapted  to  this  kind  of  research.  Of  other  animals  the 
Earthworms  have  been  studied  in  this  respect  (by  Beddard),  and 
of  the  Vertebrates,  Reptiles,  Amphibians^  and  freshwater  Fishes  are 
very  likely  to  prove  good  objects,  since  their  history  in  many  cases 
goes  back  to  the  beginning  of  the  Mesozoic  or  even  to  the  Palaeo- 
zoic time. 

In  the  following  treatise  I  wish  to  call  special  attention  to  certain 
groups  of  Decapod  Crustaceans  that  live  in  fresh  water.  In  part 
these  have  been  discussed  previously  by  other  writers  as  well  as  by 
myself,  but  it  is  worth  while  to  go  more  into  detail,  since  we  shall 
find  them  very  interesting  in  this  respect. 
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The  following  groups  of  freshwater  Decapods  are  known : 
Family:  Atyida, 

Palamonida  (in  part). 

PotamobiidiB. 

Parastactda. 

yEgleida  (monotypic). 

Potamonida, 

There  are,  scattered  among  other  families,  other  forms  of  fresh- 
water Decapods,  but  the  above  are  the  most  important  groups. 
These  are  found  either  exclusively  in  fresh  water  or  possess  the 
largest  number  of  their  members  there,  and  are  found  only  in  rare 
cases  in  the  sea. 

As  regards  the  Atyida^  the  present  writer  has  collected  the  cho- 
rological  material  in  a  previous  paper.'  This  is  no  doubt  one  of  the 
oldest  groups  of  freshwater  Decapods,  and  their  origin,  as  is  very 
likely  also  according  to  their  morphological  characters,  is  to  be 
sought  for  possibly  in  Jurassic  times,  although  fossil  forms  are  not 
positively  known.  The  chief  features  of  their  distribution  are 
excessively  abnormal  and  even  confusing,  and  therefore  the  extreme 
age  of  the  group  is  again  confirmed.  On  the  other  hand,  there  are 
smaller  groups  within  this  family,  the  distribution  of  which  was 
apparently  formed  in  later  times.  Since  there  is  every  reason  to 
believe  that  our  knowledge  of  the  actual  distribution  of  the  Atyida 
is  still  more  or  less  defective,  we  shall  refrain  from  discussing  it  and 
refer  only  to  the  latest  summary  given  by  the  present  writer.* 

In  the  family  of  the  Palamonida  the  genus  Palamon  forms  a 
group  that  possesses  numerous  species  which  are  found  chiefly  in 
fresh  water.  Their  distribution,  which  has  also  been  previously 
investigated  by  the  present  writer/  points  distinctly  to  the  fact  that 
this  genus  is  a  very  recent  one,  which  is  at  the  present  time  just  in 
the  act  of  immigrating  into  fresh  water,  and  that  this  process  is  by 
no  means  completed.     The  different  species  depend  in  their  dis- 

*  Compare  Ortmann,  A.  E.,  in  Bronn'i  Klassen  und  Ordnungen  da  Thier^ 
reichs.  Vol.  v,  2,  1 899,  p.  1 785.  We  leave  out  of  consideration  the  families 
Oznobitida  and  Gecarcinidat  which  are  more  properly  land  animals.  See  ibid.f 
pp.  1 183  aod  1184. 

'  Ortmann,  in  fSroc,  Acad.  Philadelphia,  1894,  p.  397  ff. 
'  In  Bronn's  /Classen  und  Ordn,,  /.  r.,  1901,  p.  1286  f.. 

*  In  Zool,  Jahrb,  SysL^V^X.  v,  i89i,pp.  744-748, and  in  Bronn's  Klassen  und 
Ordn.,  /.  r.,  1901,  p.  1 291  f. 
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tribution  largely  on  the  conditions  prevailing  in  the  littoral  waters, 
and  generally  they  follow  the  physical  regions  which  we  have  pro- 
posed for  the  marine  littoral  district  of  the  present  time.  To  this 
there  are  only  a  few  exceptions,  due  to  special  means  of  dispersal 
(crossing  over  continental  divides,  for  instance).  For  the  investi- 
gation of  ancient  Geography  this  genus  has  no  value.^ 

In  the  following  we  shall  treat  of  the  remaining  four  families : 
Potamobiiday  Parastacida^  jEgleida  and  Potamomdx, 

PART  I.    CHOROLOGICAL  MATERIAL. 

A.     Chorology  of  the  Families  PoTAMOBiiDiE  and  Para- 
STAQDA,     (See  Fig.  i.) 

BIBLIOGRAPHY. 

(a)   General  Discussions  and  Systematic  Revisions. 

Huxley,  Th.  :  The  Crayfish^  London,  1879. 

Faxon,  W.  :  "A  Revision  of  the  Astacidae"  (^Mem.  Mus,  Harvard,  Vol.  lo^ 

1  Coutidre,  H.  (•«  Sur  quelques  Macrures  des  eanx  donees  de  Madagascar,"  in 
C,  Ji,  Acad.  Set.  Paris,  VoL  cxxx,  1900,  pp.  1 266-1 268),  discussing  the  Palae- 
mons  of  Madagascar,  has  advanced  some  views  as  to  their  distribution  and  con- 
cludes by  putting  the  (unanswered)  question  whether  this  distribution  has 
formed  under  conditions  similar  to  the  present  ones  or  not.  This  question,  how- 
ever, has  been  ans\/ered  in  detail  by  the  present  writer  in  the  paper  quoted  above 
(1891),  with  which  Coutidre  seems  to  have  been  unacquainted.  This  is  also  evi- 
denced by  the  fact  that  some  of  the  peculiarities  of  distribution  in  this  genus, 
emphasized  by  the  present  writer,  are  not  mentioned  by  Couti^re — for  instance, 
the  relation  of  the  West  African  species  to  those  of  America.  Coutidre  holds  that 
the  West  African  (not  South  African)  Palamon  vollenhcveni  HerkL  is  most 
closely  allied  to  P,  breoicarpus  Haan  from  Japan,  while  I  regard  the  relationship 
to  the  American  P,  jamaicensis  (Hbst.)  as  more  important 

As  regards  Bitkynis  kildebrandti  Higdf.  (1893)  from  Madagascar,  I  believe 
it  is  hardly  possible  to  connect  this  species  genetically  with  the  type  species  of 
this  genus  from  Chile.  I  think  this  is  a  case  of  convergency.  The  opinion  of 
Coutidre,  that  the  theory  of  a  Posttriassic  connection  of  Madagascar  with  India 
and  Africa  is  to  be  abandoned,  has  no  support  whatever.  The  distribution  of 
Palamon,  which,  according  to  Couti^re  himself,  does  not  go  back  beyond 
Miocene  times,  is  absolutely  irrelevant  to  this  question,  and  even  the  Miocene 
age  of  PaUtmon  seems  to  be  doubtful.  The  presence  of  identical  species  on  the 
eastern  and  western  sides  of  the  Cordilleras  in  South  America  is  no  evidence  for 
this,  since  this  distribution  is  not  discontinuous,  and  the  respective  species  have 
apparently  crossed  this  chain  of  mountains,  and  are  actually  found  in  the  moun- 
tains high  up  in  the  headwaters  of  the  Anazonas  river,  for  instance. 
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Faxon,  W.:  «  Notes  on  North  American  Crayfishes,  Family  Astaddae  "  (/V. 

U,  S,  Jfus.,  VoL  12,  1890). 
Faxon,  W.  :  «  Observations  on  the  Astacidae  in  the  U.  S.  National  Moseum  and 

in  the  Moseam  of  Comparative  Zoology,  with  Descriptions  of  New  Species  " 

(/v.  Cr.  S.  Afus.,  Vol.  20,  1898). 
Ortmann,  a.  E.  :  m  Ueber  Bipolaritaet  in  der  Verbreitong  mariner  Thiere  " 

(Zoo/.  Jahrb,  Syst.,  Vol.  9,  1896,  p.  588-594). 
Ortmann,  A.  E.,  in  Bronn*s  Klassen  und  Ordnungen  des  Thierreichs,  Vol.  5, 

Part  2,  1901,  pp.  1288-1290. 

(Jf)  Special  Literature^  published  after  Faxon's  Revisions  (iSSs, 

iSpo,  i8p8),  or  not  embodied  in  them. 
Berg,  C.  :  •<  Datos  sobre  algunos  cmstaceos  nuevos  para  la  fauna  argentina  " 

(Commun,  Afus,  Buenos  Aires^  Vol.  I,  1900). 
CocKERELL,  T.  D.  A.,  and  Porter,  W.  :  «  A  New  Crayfish  from  New  Mexico  " 

(/v.  Acad,  Philadelphia f  1900). 
DoFLEiN,  F. :  ««  Weitere  Mitteilungen  ueber  dekapode  Crustaceen  der  k.  bayer- 

ischen  Staatssammlungen  "  (5.  B,  Ah.  Afuenchen,  Vol.  30,  1900,  p.  132). 
Hay,  W.  p.  :  ««  Description  of  Two  New  Species  of  Crayfish  "  (/V.  0\  S.  Mus,, 

Vol.  22,  1899). 
Hay,  W.  p.  :  <«  Synopses  of  North  American  Invertebrates — 6.  The  Astacidae 

of  North  America  "  (^Americ.  Natural,  1899). 
Lenz,  H.  :  "  Die  Crustaceen  der  Sammlung  Plate  "  {Zool,  Jahrb.  Syst,^  Suppl. 

5,  1902,  pp.  736.  737). 
NoBiLi,  C. :  <*  Contribuzioni  alia  conoscenza  della  fauna  carcinologica  della 

Papuasia,  della  Molucche  e  dell'  Australia "  (Ann,  Mus.  Geneva^  Ser.  2, 

Vol.  20,  1899). 
Philippi,  R.  a.:  (Descriptions  of   Three  Species  of  Crayfishes  from  Chile) 

(^Annates  Untvers,  Chile,  Vol.  61,  1882,  pp.  624-628,  with  plate).^ 
Philippi,  R.  A. :  "  Dos  palabras  sobre  la  sinonimia  de  los  Crustaceos,  Decapo- 

dos,  Braquiuros  o  jaivas  de  Chile  "  (Ann,  Univers,  Chile,  1894). 

For  the  intended  publication  of  the  Decapods  in  the  "Thier- 
reich,'*  edited  by  the  German  Zoological  Society,  the  present 
writer  was  obliged  to  make  a  complete  collection  and  a  critical 
review  of  the  systematic  literature  of  these  two  families.  Of  course, 
the  results  of  these  studies  are  embodied  in  the  following  portion  of 
this  article,  although  it  is  not  possible  to  refer  to  this  work,  the 
manuscript  of  which  has  just  been  finished. 

I.  Family:  PoTAMOBiiDiE  Huxl." 
The  family  Fofamobiidce  is  divided  into  two  genera :  Potamobius 
Sam.  and  Cambarus  Er.     The  latter  is  no  doubt  the  more  special- 

1  Of  this  rare  paper  I  possess  a  handwritten  copy  and  sketches  of  the  figures, 
through  the  kindness  of  Dr.  F.  Philippi,  of  Santiago. 
>  Those  authors  (Faxon,  Rathbun)  who  retain  for  the  European  crayfish  the 


1902.]  AND  ANCIKNT  GEOGRAPHY.  277 

ized  one,  and  its  distribution  is  more  sharply  limited  than  that  of 
Fotamobiust  it  being  found  only  in  the  eastern  parts  of  North 
America,  Mexico  and  Cuba. 

Genus:  Cambarus  £r. 

The  genus  Cambarus  contains  at  present  sixty-six  well-known 
species ;  of  a  sixty-seventh,  the  group  to  which  it  belongs  is  doubt- 
ful (C  clypeatus  Hay,  Missouri).  The  species  form  five  groups 
within  the  genus. 

Sixteen  species  belong  to  the  first  group,  namely : 

1.  b/anifingi  (HairL).  9.  versutus  Hdig, 

2.  Aqyi  Fax,  10.  sfiicu/i/er  (Ltc), 

3.  faUax  Hag.  1 1 .  pellucidus  (Tell. ). 

4.  clarkiOtix,  12.  a^heronfis  hoennb. 

5.  troglodytes  (Lee).  13.  wiegmanniYsX, 

6.  /e^ontei  HsLg,  14.  alleniYaji, 

7.  angustatus  (Lee).  15.  evermanni  Fax. 

8.  pubescens  Fax.  16.  penicillatus  (Lee). 

Eight  species  belong  to  the  second  group  : 

1.  cubensis  Er.  5.  gallinus  Cock,  and  Port. 

2.  carinatus  Fax.  6.  gracilis  Bund. 

3.  mexicanus  Er.  7.  carolinus  Er. 

4.  simulans  Fax.  8.  advena  (Lee). 
To  this  group  possibly  belongs  clypeatus  Hay. 

Thirteen  species  belong  to  the  third  group : 

1.  acuminatus  Fax.  8.  uhleri  Fax. 

2.  bartoni  (¥a\}T,),  9.  setosus  Fax. 

3.  longulus  Gir.  10.  extraneus  Hag. 

4.  latimanus  (J^c).  11,  jordani  Fax, 

5.  dubius  Fax  12.  comutus  Fax. 

6.  diogenes  Gir.  13.  hamulatus  Cope  and  Pack. 

7.  argillicola  Fax. 


generic  name  ot  Astacus  M.  E.,  claim  that  Latreille  (Consider,  g^n^r.,  etc, 
1810;  see  Faxon,  1898,  p.  662)  has  made  this  species,  Astacus  fluviatilis  Fabr., 
the  type  of  the  genas  Astacus  Fabr.  This  statement  of  Latreille,  however,  is 
erroneous,  s<nce  Astacus  of  Fabricius  is  a  genus  without  type,  and  remained  such 
until  Saniouelle  {^The  Entomologists^  Useful  Compendium^  i8i9,p.  95) separated 
Astacus  and  Potamobius  (Lobster  and  Crayfish).  See  Faxon,  1885  ;  Ortmann, 
••Das  System  der  Decapodon  Krebse"  {ZooL  Jahrb,  Syst,^  Vol.  9,  1896, 
p.  450),  and  Stebbing  (in  Natural  Science^  Vol.  12,  1898,  p.  239  ff.). 
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Twenty-six  species  belong  to  the  fourth  group : 

1.  mississippiensis  Fax.  14.  viriiis  Hag. 

2.  immunis  Hag.  15.  nais  Fax. 

3.  medius  Fax.  16.  pilosus  Hay. 

4.  lancifer  Hag.  1 7.  longidigitus  Fax. 

5.  palmeri  Fax.  18.  sloanei  Bund. 

6.  dijfficiiis  Fax.  19.  rusticus  Gir. 

7.  alabamensis  Fax.  20.  »i^^>&/  Fax. 

8.  compressus  Fzx,  21.  harrisoniYzx. 

9.  propitiquus  Gir.  22.  forceps  Fax. 

10.  neglectus  Fax.  23.  spinosus  Bund. 

11.  digueti  BoM\.  24.  erichsonianus  Fax. 

12.  tf^w>  ^Say).  25.  putnamiFax. 

13.  indianemis  Hay.  26.  ^y/ox  Fax. 

Three  species  belong  to  the  fifth  group : 

1.  mon/ezumof  Sbuss.  3.  shufeldti  Fzx, 

2.  chapalanus  Fax. 

In  discussing  the  distribution,  it  is  best  we  take  up  the  single 
groups.  The  species  of  iht  first  group  are  restricted  chiefly  to  the 
southern  parts  of  the  United  States  and  Mexico,  and  we  observe 
that  all,  with  two  exceptions  {blandingiaxi^pellucidus)^^!^  found  in 
the  region  of  North  America  formed  by  Mexico,  Texas,  Louisiana, 
Mississippi,  Alabama,  Florida,  Georgia  and  South  Carolina. 
C.  blandingi  possesses  the  widest  range  ;  in  the  States  named  it  is 
wanting  only  in  the  farthest  southeast,  in  Florida  and  Georgia  ^ ; 
but  on  the  other  side  it  extends  beyond  those  limits  along  the 
Atlantic  coast,  passing  through  North  Carolina,  Maryland  and  New 
Jersey  into  the  neighborhood  of  New  York,  and  in  the  Mississippi- 
Ohio  basin  it  extends  northward  through  Arkansas,  Tennessee, 
Missouri,  Illinois  and  Indiana  into  Ohio  and  southern  and  eastern 
Iowa.  Westward,  it  has  been  found  as  far  as  Indian  Territory. 
C  pellucidus  is  a  blind  cave  species  which  is  restricted  to  certain 
localities  in  Indiana  and  Kentucky. 

It  is  apparent  that  the  centre  of  this  group  is  in  the  Gulf  States 
and  in  the  southern  Atlantic  States,  while  the  region  of  the  eastern 
mountains  (Allegheny  system)  is  left  unoccupied  by  it,  and  only 
one  species  advances  northward  along  the  Atlantic  coast  and  in  the 

^  It  is  very  likely  to  be  discovered  in  Georgia. 
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Mississippi  valley  to  the  neighborhood  of  the  Great  Lakes.  To  this 
latter  extension  of  the  range  also  belongs  C  pellucidus.  South- 
ward, this  group  goes  through  Texas  (here  it  has  been  found  near 
the  Mexican  boundary  line),  and  is  found  in  the  neighborhood  of 
the  city  of  Mexico  ( C  wiegmanni).  Whether  this  latter  locality  is 
connected  with  the  localities  in  Texas  or  not  is  unknown. 

The  centre  of  distribution  of  the  second  group  is  to  be  found  in 
the  Southwest.  We  know  two  species  from  Mexico,  two  from  New 
Mexico,  Texas  and  Kansas.  Another  species  (C  gracilis)  extends 
from  these  parts  northward  (in  the  prairies),  and  is  found  in 
Kansas,  Iowa,  Illinois,  as  far  as  Wisconsin.  In  the  South  we  have, 
more  or  less  isolated,  C.  clypeaius  in  Mississippi,  and  absolutely 
isolated  are  C.  carolinus  and  c^vena  in  South  Carolina  and  Georgia 
and  C  cubensis  in  Cuba. 

Within  this  group  we  observe  a  very  striking  discontinuity ;  not 
only  the  Mexican  localities  are  separated  from  those  in  the  United 
States,  but  also  in  the  Gulf  States,  the  southern  Atlantic  States  and 
in  Cuba  there  are  representatives  of  this  group,  separated  from  the 
rest  in  the  Southwestern  and  Central  States. 

Very  different  is  the  range  of  the  third  group.  Here  we  have 
complete  continuity,  and  the  centre  is  evidently  in  the  system  of  the 
Allegheny  mountains  and  in  the  East.  The  species  are  very 
numerous  in  the  mountainous  parts  of  Tennessee,  Kentucky,  North 
Carolina,  Virginia  and  West  Virginia,  Maryland,  Pennsylvania,  and 
in  the  adjoining  parts  of  Ohio  and  Indiana.  This  group  is  also 
well  represented  in  Illinois,  and  extends,  gradually  decreasing  in 
density,  westward  into  Wisconsin,  Minnesota,  Iowa,  Missouri  (in  the 
eastern  part  only),  Arkansas  and  the  Indian  Territory.  It  is  very 
rare  in  Texas,  Louisiana,  Mississippi ;  is  slightly  represented  in 
Alabama,  Georgia  and  South  Carolina,  but  is  wanting  in  Florida. 
In  a  northeasterly  direction,  a  single  species  (C  bartoni)  extends 
over  New  York  and  New  England  across  the  Canadian  boundary 
into  New  Brunswick,  where  it  reaches  the  Restigouche  river,  a 
tributary  of  the  Gulf  of  St.  Lawrence.  The  same  species  is  found 
in  the  northern  affluents  of  Lake  Ontario  (Toronto)  and  the  St. 
Lawrence  river  in  Quebec  (St.  John's  Lake),  where  it  marks  the 
northern  boundary  of  the  genus.  In  Michigan  this  group  is  repre- 
sented in  the  neighborhood  of  Lake  Huron,  but  it  has  not  been 
found  north  of  the  Great  Lakes  in  Canada.  The  northeastern 
extension  of  the  range  of  this  group,  on  the  one  hand,  is  very 
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remarkable,  while,  on  the  other  hand,  we  have  a  scarcity  of  it  south 
of  the  Allegheny  system  and  west  of  the  Mississippi.  With  the 
exception  of  one  isolated  station  of  C.  argillicola  in  Texas,  this 
group  is  not  represented  in  the  Southwest. 

The  largest  number  of  species  is  found  in  the  fourth  group.  In 
certain  respects  it  corresponds,  in  its  distribution,  to  the  third, 
namely,  in  its  exceeding  scarcity  in  the  South  and  Southwest.  It  is 
wanting  in  Florida,  in  the  low  parts  of  the  Carolinas,  of  Georgia, 
Alabama  and  Mississippi.  It  is  also  wanting  in  Louisiana,  and  in 
Texas  it  is  found  only  in  the  northeastern  comer  (near  the  bound- 
aries of  the  Indian  Territory  and  Arkansas).  Beginning  here,  it 
extends  northward  over  the  Mississippi-Missouri- Ohio  basin, 
becoming  more  abundant,  the  centre  being  situated,  in  this  region, 
in  the  States  of  Missouri,  Tennessee,  Kentucky,  Indiana,  Illinois, 
Iowa  and  the  southern  parts  of  Michigan  and  Wisconsin.  East- 
ward this  group  enters  Ohio,  Pennsylvania,  Virginia,  Maryland, 
New  Jersey  and  New  York,  reaching  its  northeastern  limit  north  of 
Lake  Ontario,  near  Toronto  and  Montreal.  In  Wisconsin  it  extends 
to  Lake  Superior,  and  one  species  i  C,  virilis)  reaches  from  Minne- 
sota, including  the  northeastern  corner  of  North  Dakota,  to  Lake 
Winnipeg  and  the  Saskatchewan  river,  the  most  northern  locality 
known  for  the  genus.  Westward,  the  range  of  this  group  includes 
Kansas  and  Nebraska  (southern  and  eastern  part  only)  and  the 
southeastern  corner  of  Wyoming:  this  is  the  most  advanced 
point  for  the  genus  in  a  northwesterly  direction.  Entirely  isolated 
from  the  range  of  this  group,  thus  far  described,  we  find  a  species 
(C  digueti)  in  Mexico  (Pacific  side.  State  of  Jalisco),  and  another 
species  (C  immunis,  known  from  the  prairies  of  Michigan,  Indiana, 
Illinois,  Wisconsin,  Iowa)  is  said  to  be  present  near  Orizaba, 
Mexico. 

Therefore  we  may  say,  generally,  that  the  centre  of  this  group  is 
situated  in  the  central  part  of  the  United  States,  about  in  that 
region  where  the  three  large  rivers,  Missouri,  Mississippi  and  Ohio, 
unite.  Thence  it  extends  into  the  eastern  and  southeastern  moun- 
tains, but  hardly  across  them;  northward,  it  reaches  the  St. 
Lawrence  and  the  Saskatchewan  rivers  and  westward  Wyoming. 
In  a  southwesterly  direction  it  hardly  reaches  Texas,  and  the  Mexican 
localities  seem  to  be  isolated  from  the  rest. 

Of  the  three  species  oiiYit  fifth  group,  two  are  found  in  Mexico 
and  one  near  New  Orleans. 
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Taking  together  the  distribution  of  the  five  groups,  we  find  that 
the  range  of  the  genus  Cambarus  extends  over  the  following  parts 
of  North  America :  In  Mexico,  the  respective  species  are  reported 
from  the  following  States :  Vera  Cruz  (near  Vera  Cruz  and 
Orizaba),  Pueblo,  Mexico,  Michoacan.  This  line  would  represent 
the  southern  boundary  of  the  range.^  Further,  the  genus  has  been 
found  in  the  States  of  Jalisco  and  Sinaloa  (Mazatlan)  (in  the  drain- 
age of  the  Pacific  Ocean) ;  on  the  central  pleateau,  in  Guanajuato, 
San  Luis  Potosi  (Santa  Maria)  and  Coahuila  (Parras).  This  latter 
locality  forms  in  a  certain  degree  the  connection  of  the  Mexican 
part  of  the  range  of  the  genus  with  that  of  the  United  States,  since 
the  Mexican  State  Coahuila  extends  northward  to  the  Rio  Grande 
del  Norte,  and  just  across  this  river,  on  its  left  bank,  there  is,  in 
Kinney  county,  Texas,  a  locality  for  C  clarki.  Thence  the  range 
of  the  genus  is  apparently  continuous,  and  reaches  eastward  to  the 
sea  (Gulf  of  Mexico  and  Atlantic  Ocean)."  Toward  the  west  and 
north  it  is  circumscribed  by  the  following  line :  from  Kinney 
county,  Texas,  to  New  Mexico  (including  its  eastern  part),  then 
receding  toward  Indian  Territory  and  leaving  out  Oklahoma, 
farther,  including  Kansas,  the  southeastern  corner  of  Wyoming 
Tpossibly  a  part  of  Colorado),  the  southern  and  eastern  part  of 
Nebraska,  crossing  here  the  Missouri,  including  Iowa  and  Minne- 
sota and  possibly  parts  of  the  Dakotas,  at  any  rate  the  northeastern 
corner  of  North  Dakota,  crossing  over  into  Canadian  territory  and 
including  the  region  of  Lake  Winnipeg  and  Saskatchewan  river 
(northernmost  point).  Thence  this  line  recedes  in  a  southeasterly 
direction,  reaches  Lake  Superior,  and  follows  the  Great  Lakes  as  far 
as  Lake  Erie.  At  Lake  Ontario  it  advances  again  northward  and 
follows  at  a  certain  distance  the  St.  Lawrence  river,  reaching  at  the 
Lake  St.  John  in  Quebec  the  northernmost  point  in  the  East. 
Then  it  turns  southward,  crosses  the  St.  Lawrence  and  includes,  in 
New  Brunswick,  the  drainage  of  the  Restigouche  and  Miramichi 
rivers  (emptying  in  the  St.  Lawrence  GulQ  and  also  the  St.  John 
river  (emptying  in  the  Bay  of  Fundy).  Thus  the  largest  part  of 
New  Brunswick  seems  to  belong  to  the  range  of  this  genus,  while 

^  The  genas  is  said  to  be  represented  near  Alta  Vera  Paz,  in  Guatenuda  (Faxon, 
1885,  p.  173).  This  would  advance  the  range  southward  beyond  the  Isthmus  of 
Tehuantepec.    This  locality,  however,  needs  confirmation. 

*  In  Florida,  only  in  the  northern  half  are  localities  known,  southward  as  far  as 
Orange,  Lake  and  Hillsboro  counties. 
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Nova  Scotia  is  excluded.  Isolated  from  the  continuous  Mexican 
and  United  States  ranges  is  the  Island  of  Cuba,  where  C.  cubensis 
has  been  found. 

It  is  hard  to  say  where  the  centre  of  the  whole  genus  is  situated. 
Judging  from  the  number  of  species  represented  in  the  different 
parts,  it  seems  to  be  more  in  the  East  than  in  the  West,  but  for  the 
rest  the  genus  is  pretty  evenly  distributed  in  the  Southeastern 
States,  in  the  region  of  the  AUeghanies  and  the  central  basin,  and 
decreases  markedly  only  in  a  westerly  direction,  disappearing 
before  it  reaches  the  foothills  of  the  Rocky  Mountains.  In  the 
Southwest,  in  Texas  and  New  Mexico,  the  genus  is  less  abundant, 
and  in  northern  Mexico  it  is  found  only  near  Parras,  in  the  State  of 
Coahuila ;  but  then  again  it  becomes  more  abundant  in  the  central 
part  of  Mexico.  Whether  this  apparent  scarcity  in  northern 
Mexico  and  Texas  corresponds  to  the  actual  conditions,  or  whether 
it  is  due  to  defective  knowledge  of  these  parts,  cannot  be  decided. 
One  result,  however,  is  very  evident :  the  genus  is  preeminently 
characteristic  of  the  central  and  eastern  parts  of  the  United  States, 
there  attaining  its  highest  development  as  regards  the  number  of 
species. 

Now,  what  is  the  origin  of  this  distribution  of  Cambarus  f  Did 
this  genus  originate  in  these  parts,  or  whence  did  it  come,  and 
which  are  its  ancestors  ? 

In  order  to  answer  the  first  question,  we  learn  much  by  recalling 
to  our  mind  the  distribution  of  the  single  groups  as  stated  above. 
We  have  seen  that  the  centre  of  the  first  group  is  in  the  Southeast ; 
the  range  of  the  second  group — although  somewhat  discontinuous — 
centres  in  the  Southwest.  The  third  group  has  evidently  its  centre 
in  the  mountainous  regions  of  the  Allegheny  system,  the  fourth 
group  in  the  central  basin  and  the  fifth  in  Mexico. 

The  second  and  fifth  groups  are  strongly  represented  in  the 
Southwest,  the  first  group  has  distinct  relation  to  these  parts,  the 
fourth  group  only  a  few  isolated  stations,  while  the  third  group  is 
entirely  wanting  there.* 

1  Faxon  (1885,  P*  '7^)  expresses  this  in  the  following  way:  in  the  South 
(Mexico,  Cuba,  Gulf  States  and  Atlantic  States  south  of  North  Carolina)  species 
of  the  first,  second  and  fifth  groups  prevail,  while  comparatively  few  species  of 
the  third  and  fourth  groups  are  present ;  in  the  North  (Atlantic  States  north  of 
South  Carolina,  Central  States  and  Canada)  species  of  the  third  and  fourth 
groups  prevail,  whiU  only  a  few  species  of  the  first  and  second  advance  into  the 
northern  provinces. 
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As  regards  the  morphological  relations  of  the  five  groups,  we  are 
to  consider  first  Faxon's  view  (1885,  p.  19),  that  the  species  of  the 
first  group  are  morphologically  the  most  primitive  ones.  He  draws 
this  conclusion  chiefly  from  the  shape  of  the  male  copulatory 
organs.  If  we  compare,  however,  certain  species  of  the  second 
group  {simuians,  mextcanus,  cubensis)  with  those  of  the  first  group 
in  this  respect,  we  see  that  they  chiefly  differ  from  the  latter  only 
in  the  smaller  number  of  hooks  on  the  pereiopoda  of  the  male  (only 
on  the  third  pair,  not  on  the  third  and  fourth,  as  in  the  first  group). 
On  this  account  I  should  prefer  to  regard  the  species  named  as  the 
most  primitive  forms  of  the  genus,  although,  on  the  other  hand,  I 
agree  with  Faxon  (1885,  p.  47)  in  believing  that  the  other  species 
of  the  second  group  more  nearly  approach  the  third  group.  That 
the  third  and  fourth  groups,  compared  with  the  others,  are  more 
advanced  forms  is  also  my  opinion.  As  the  most  specialized 
species  I  regard  those  of  the  third  group  which  have  acquired 
burrowing  habits  {dio^enes,  argillicoia,  dubius).  The  species  of  the 
fifth  group  diff'er  from  all  the  rest  in  the  presence  of  hooks  in  the 
second  and  third  pereiopods  of  the  male,  and  thus  I  think  they 
represent  an  early  separated  side  branch.  The  copulatory  organs 
of  the  male  in  this  group  resemble  in  certain  respects  more  those  of 
the  first  and  second  groups  than  those  of  the  third  and  fourth,  and 
the  more  primitive  character  of  these  species  is  also  suggested  by 
the  general  shape  of  the  body. 

Thus  we  see  that  the  more  primitive  forms  of  the  first,  second  and 
fifth  groups  belong  chiefly  to  the  South  and  point  distinctly  to  a 
connection  with  Mexico,  while  among  the  more  advanced  and 
specialized  forms  of  the  third  and  fourth  groups  this  latter  connec- 
tion is  hardly  expressed  or  not  at  all.  Their  origin  and  main  dis- 
tribution belong  to  the  more  northern  parts. 

This  points  to  an  origin  of  the  genus  in  the  Southwest,  and  we 
believe  that  the  genus  came  from  Afexico  and  immigrated  into  the 
United  States  in  a  northeasterly  direction, 

A  few  additional  distributional  facts  tend  to  support  this  conclu- 
sion. It  seems  that  in  those  groups  which  possess  a  large  represen- 
tation in  the  Southwest  the  distribution  is  rather  discontinuous. 
This  is  most  evident  with  the  second  group.  Now  discontinuity  in 
distribution  of  any  animal  is  very  often  a  sign  of  the  breaking  up 
of  a  former  continuous  range  by  unfavorable  physical  conditions. 
In  the  present  case  it  appears  that  at  a  certain  time  the  immigra 
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tion  of  Cambarus  from  Mexico  into  the  United  States  did  not 
meet  with  serious  obstacles,  but  that  later  in  the  intermediate 
regions  (northern  Mexico  and  Texas;  more  unfavorable  conditions 
arose  which  separated  the  United  States  more  distinctly  from 
Mexico,  and  this  is  possibly  due  to  a  more  decided  development  of 
the  desert  character  of  these  parts.  Thus  the  Mexican  representa- 
tives of  the  first,  second,  fourth  and  fifth  groups  became  more  or 
less  separated  from  those  in  the  United  States,  the  first  and  fourth 
groups  developed  more  abundantly  in  the  United  States,  while  the 
third  originated  there,  possibly  out  of  the  second  group,  which  in 
these  parts  did  not  make  any  marked  progress  and  was  suppressed 
and  restricted  to  a  few  more  or  less  isolated  stations,  probably  on 
account  of  its  primitive  character.  An  interesting  light  is  thrown 
upon  this  question  by  the  presence  of  one  species  of  the  second 
group  ( C.  cubensis)  in  Cuba.  This  species  is  closely  related  to  C, 
mexicanus  (Pueblo,  San  Luis  Potosi),  while  it  has  no  closer  rela- 
tions in  the  United  States,  and  thus  its  Mexican  origin  is  most  dis- 
tinctly indicated.  Therefore  we  may  safely  say  of  the  second 
group  that  it  is  a  very  primitive  one  and  that  Mexico,  not  the 
United  States,  is  to  be  taken  as  its  centre  of  origin. 

The  character  of  discontinuity  is  more  or  less  noticeable  also  in 
the  southwestern  part  of  the  range  of  the  first,  fourth  and  fifth 
groups.  The  first  possesses  an  isolated  species  {wugmannt)  in 
Mexico,  and  the  stations  of  C,  blandingi  and  clarki  in  Texas  are 
very  scattered.  In  the  fourth  group  we  have  an  isolated  species 
{digueti)  in  Mexico  (Jalisco),  while  C.  immunis,  a  species  found 
elsewhere  in  the  northern  central  basin,  has  been  reported  from 
Orizaba,  in  Mexico.'  The  fifth  group  has  two  species  in  Mexico 
and,  widely  separated  from  them,  a  third  near  New  Orleans.  If 
we  compare  with  this  the  northern  part  of  the  ranges  of  the  first, 
third  and  fourth  groups  we  see  everywhere  perfect  continuity.  In 
every  direction  from  the  centre,  except  toward  the  Southwest,  the 
intensity  of  distribution  decreases  gradually.  This  is  especially 
true  for  the  first  group,  the  centre  of  which  is  in  the  Southern 
States,  in  the  directions  northward  along  the  Atlantic  coast  and 
upward  in  the  Mississippi  Valley.  In  the  third  group,  whose  centre 
is  in  the  Allegheny  system,  there  is  a  regular  decrease  in  intensity 
in  all  directions,  and  in  the  fourth  group  a  very  regular  decrease  is 

1  We  have  to  accept  this  record,  however,  very  caatiously. 
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noticeable  from  its  centre  in  the  middle  Mississippi  basin  toward 
the  East,  North  and  West. 

Thus  we  are  to  recognize  the  fact  that  the  different  groups, 
chiefly  the  first,  third  and  fourth,  express  in  their  distribution  a 
regular,  continuous  advance  in  a  northeasterly  direction.  Toward 
the  North  and  East  is  continuity,  which  represents  a  more  recent 
stage  in  distribution,  while  in  the  opposite  direction,  toward  South- 
west, we  observe  discontinuity,  which  characterizes  generally  a 
more  ancient  stage.  In  the  second  group  we  have  a  very  remark- 
able discontinuity,  and  this  group  is  a  comparatively  primitive  one, 
and  the  fifth  group,  which  is  also  primitive  in  some  degree,  is 
chiefly  found  in  the  Southwest. 

All  the  foregoing  considerations  tend  to  justify  our  conclusion 
that  the  migration  of  the  genus  Cambarus  into  the  United  States 
started  in  the  Southwest,  on  the  Mexican  plateau,  and  advanced  in 
a  northeasterly  direction. 

Taking  up  now  the  second  point  to  be  considered,  the  question 
of  the  origin  and  the  ancestral  forms  of  the  genus  Cambarus^  we 
shall  be  satisfied — for  the  present — with  the  opinion  of  Faxon 
(1885,  p.  16),  which  is  also  that  of  the  present  writer,  that  this 
genus  is  the  most  highly  specialized  within  the  family  Potamobiidm^ 
a  corollary  of  which  is  that  it  must  have  originated  from  forms  of  a 
lower  type,  which  probably  corresponded  to  the  genus  Potamobius ; 
in  fact,  it  is  easy  to  imagine  that  Cambarus  is  derived  directly  from 
Potamobius  by  the  suppression  of  the  single  posterior  pleuro- 
branchia  and  the  high  specialization  of  the  copulatory  organs. 
However,  before  entering  into  a  more  detailed  discussion  of  the 
relation  of  Cambarus  and  Potamobius^  we  shall  give  a  sketch  of  the 
chorology  of  the  latter  genus. 

Genus  Potamobius} 

It  is  advisable  here  to  go  more  into  detail,  since,  on  the  one 
hand,  a  synopsis  of  the  more  recent  publications  in  this  group  is 
desirable,  and  since,  on  the  other,  the  number  of  species  in  this 
genus  is  comparatively  small  and  our  knowledge  of  them  excellent. 
The  genus  is  divided  into  two  subgenera :  Potamobius  %txi%,  sixxcX, 
Ortm.  {Astacus  sens,  strict.  Fax. )  and  Cambaroides  Fax. 

^  The  following  facts  have  not  been  put  together  since  Faxon's  review  (1885). 
I  shall  use  here  chiefly  the  revision  of  this  group  which  I  have  prepared  for  the 
"  Thieneich." 
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Subgenus  Potamobius — twelve  species : 

European  group : 

\.  pallipes  (Lereb.).  South  and  West  Europe:  Central  Spain, 
France,  England,  Ireland,  Southwest  Germany,  Italy  south- 
ward to  Naples,  Dalmatia,  Greece. 

2.  torrentium  (Schrk.).  Central  Europe:  Switzerland,  South  Ger* 

many,  Bohemia. 

3.  astacus  (L.).  West  Russia  (northward  to  Finland),  Austria, 
Germany,  Denmark,  South  Sweden  and  Norway  (possibly  in- 
troduced), France,  southward  to  Northern  Italy. 

4.  leptodaciyius(JEs^chz.).  Pon to- Caspian  basin :  Hungary  (Danube, 

Theiss),  South  and  Central  Russia,  northward  to  the  White 
Sea ;  in  Siberia  in  the  region  of  the  Caspian  Sea.  Further,  in 
West  Siberia  in  the  basin  of  the  rivers  Obi  and  Irtish,  intro- 
duced, as  reported,  but  possibly  indigenous  (see  Faxon,  1885, 

p.  151). 

5.  pachypus  (Rthk.).  Estuaries  of  the  Black  and  Caspian  Seas. 

6.  colchicus  (Kessl.).  Transcaucasia  (upper  Rion  river). 

7.  kessleri  (Schimk.).  Turkestan  (Sir  Darja). 

American  group : 

8.  leniusculus  (Dan.).  Washington,  Oregon  (lower  Columbia 
river),  California  (San  Francisco). 

9.  trowbridgei  (Stps.).  Washington,  Oregon  (lower  Columbia 
river). 

10.  nigrescens  (Stps.).  California  (San  Francisco),  Washington, 
Alaska  (Unalaska). 

1 1 .  klamathensis  (Stps. ) .  British  Columbia  (east  of  Cascade  Moun- 
tains), Idaho,  Washington,  Oregon,  Northern  California 
(mountain  rivers). 

12.  gatnbeli  (Gir.).     In  the  Rocky  Mountains:  on  the  Pacific  slope 

in  Utah,  Idaho,  Wyoming  and  Yellowstone  Park ;  on  the  At- 
lantic slope ;  mouth  of  Yellowstone  river  (eastern  State  line  of 
Montana). 

Subgenus  Cambaroides — four  species  : 

1 .  ^  schrenki  (Kessl . ) .     Lower  river  Amur. 

2.  dauricus  (Pall.).     Upper  river  Amur. 

3.  japonicus  (Haan).     North  Japan  :  Yesso. 

4.  similis  (Koelb.).     Korea. 
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Generally  speaking  the  range  of  the  genus  Potamobius  exhibits  a 
striking  discontinuity ^  which  has  often  been  discussed.  One  group 
of  species  occupies  a  continuous  area  in  Europe  (and  Western 
Asia);  another  in  East  Asia;  a  third  in  Western  North  America} 
It  has  been  said  that  it  is  another  remarkable  fact  that  the  American 
species  resemble  the  European  more  than  they  do  the  East  Asiatic, 
and  that  the  latter  more  approach  Cambarus^  which  idea  is  ex- 
pressed by  their  position  in  a  separate  subgenus  named  Camba- 
roides.  But  as  regards  the  gills  and  the  general  form  of  the  body,* 
Cambaroides  belongs  without  question  to  Potamobius,  The  male 
copulating  organs  are  as  different  from  those  of  Cambarus  as  they 
are  from  those  of  the  typical  species  of  Potamobiu'^,  and  the  only 
character  that  points  decidedly  to  Cambarus  is  the  presence  of 
copulatory  hooks  on  the  ischiopodites  of  certain  peraeopods.  But 
also  in  this  respect  Cambaroides  is  rather  peculiar,  since  these  hooks 
are  found  on  the  second  and  third  pair,  which  case  is  represented 
among  Cambarus  only  in  the  fifth  group  (containing  only  three 
species),  while  all  the  rest  of  the  numerous  species  of  this  genus 
possess  these  hooks  either  on  the  third  and  fourth  or  only  the  third 
pair. 

1  am  of  the  opinion  that  the  resemblance  of  Cambaroides  to 
Cambarus  does  not  express  very  close  blood  relationship,  but  is  due 
to  convergency.  The  development  of  hooks  on  the  peraeopods  of 
the  male,  which  serve,  as  is  now  known,  the  purpose  of  taking  hold 
of  the  female  in  copulation,  is  easily  understood,  if  we  remember 
the  manner  in  which  copulation  is  performed,  and  it  is  also  easily 
intelligible  that  this  device  has  possibly  developed  independently 
in  Cambaroides  and  Cambarus,  The  shape  of  the  copulating 
organs,  which  shows  no  doubt  in  Cambaroides  a  certain  similarity 
to  the  Cambarus  type,  can  be  explained  in  the  same  way,  since  it 
is  quite  clear  that  if  they  are  used  in  the  same  manner  they  may 

*  To  the  latter  area  belongs  an  isolated  locality  of  P,  nigrescens  in  Alaska. 
According  to  Hay  (1899)  this  species  is  found  all  along  the  western  coast  of 
North  America,  from  California  to  Alaska.  To  my  knowledge  intermediate  locali- 
ties between  Washington  and  Alaska  have  not  been  published. 

^  Faxon  C1885,  p.  126)  calls  the  shape  of  the  body  <<subcylindrical,"  and  says 
that  it  resembles  that  of  Cambarus,  I  cannot  concur  with  him  in  this  opinion; 
the  form  of  the  carapace  in  Cambaroides  is  decidedly  rather  oval,  as  in  Potamo- 
dius,  and  besides  there  are  variations  also  in  this  respect  within  the  genus  Cam- 
bar  us. 
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assume  the  same  or  a  similar  form.  If,  finally,  Faxon  says  that  the 
shape  of  the  chelae  in  Cambaroides  resembles  those  of  Cambarusy  he 
means  apparently  only  the  general  weak  development  of  them,  and 
we  must  bear  in  mind  that  many  Cambari  are  more  like  typical 
Potamobii  in  this  respect.* 

Thus  the  view  seems  supported  that  Cambaroides  is  not  so  very 
closely  related  to  Cambarus^  as  has  been  hitherto  supposed,  and 
that  the  similarities  which  were  emphasized  are  due  only  to  con- 
vergency.  If  we  peruse  the  comparison  of  the  characters  of  Camba- 
roides, Potamobius  and  Cambarus  given  by  Faxon  (1885,  pp.  126, 
127),  we  find  that  Cambaroides  is  in  some  of  them  more  isolated, 
and  that  it  resembles  in  others  even  more  the  West  American 
species  of  Potamobius,  (For  instance,  the  lack  of  a  transverse 
suture  of  the  telson ;  the  shape  of  the  second  male  abdominal  ap- 
pendage ;  the  lack  of  the  first  abdominal  appendage  in  the  female.) 

The  conclusion  drawn  from  the  foregoing  is  that  in  certain 
respects  (telson,  second  pleopods  of  male,  first  pleopods  of  female) 
Cambaroides  represents  a  type  that  points  to  the  West  American 
Potamobii,  while  the  European  species  are  more  divergent  from  it, 
and  there  is  nothing  that  opposes  the  view  that  this  subgenus 
(which  might  as  well  be  regarded  as  a  separate  genus)  forms  the 
starting  point  on  the  one  side  for  the  European  Potamobii  and  on 
the  other  for  the  American  Potamobii,  while  subsequently  it  has 
changed  itself  and  become  different  from  both  (in  the  male  copula- 
tory  organs). 

The  subgenus  Cambaroides  is  restricted  to  the  northeastern  parts 
of  Asia  (region  of  Amur  river,  Korea,  North  Japan).  The  exact 
boundaries  of  its  range  have  nowhere  been  located  positively,  and 
it  is  not  impossible  that  in  the  Siberian  and  northern  Chinese 
mountains  other  representatives  of  it  may  exist.  For  the  present 
the  area  from  which  species  of  Cambaroides  are  known  is  absolutely 
separated  from  the  European  area  of  Potamobius, 

As  regards  the  latter,  its  centre  is  apparently  in  Southern  and 
Central  Russia.  From  these  parts  the  different  species  extend  into 
Western  Europe,  southward  to  Central  Spain,  Middle  Italy  and 
Greece,  and  in  Russia  one  species  passes  southward  across  the 
Caucasus  Mountains.     Eastward  a  species  is  found  as  far  as  Turke- 

^  Some  other  characters  of  Cambaroides  indicate  that  this  sabg^us  differs 
from  Potamobius  as  well  as  from  Cambarus,  and  these  are  characters  which 
approach  it  to  the  crayfishes  of  the  southern  hemisphere.    Compare  below. 
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Stan,  and  northward  the  area  reaches  the  White  Sea.  East  of  the 
Ural  Mountains  the  genus  is  said  to  be  lacking,  but  it  is  found  (the 
widely-distributed  species  P,  leptodaciylus)  introduced  in  the  river 
Obi  and  its  affluents.  Some  observations,  however,  have  been 
made  which  render  it  possible  that  P,  Uptodactylus  is  an  original 
inhabitant  of  these  parts. 

As  Huxley  (1879)  ^"^  Faxon  C1885,  p.  140)  believe,  the  different 
forms  of  Potamobius  have  immigrated  into  Europe  from  the  East, 
and  we  can  distinguish  an  older  immigration  on  the  part  of  the 
group  formed  by  the  species  P,  pallipes  and  torrentium  and  a  more 
recent  one  on  the  part  of  P.  astacus  and  its  allies.  And  even 
within  the  latter  group  it  seems  that  P.  astacus  is  older  than  the 
other  species  and  that  it  is  pushed  gradually  westward  by  P.  leptor 
dactylus^  which  is  spreading  in  a  westerly  direction.  The  writer  is 
of  the  same  opinion,  and  we  shall  see  below  that  this  is  the  only 
theory  that  is  admissible,  if  we  consider  the  origin  of  Europe  as  a 
continental  mass.  The  occupation  of  Europe,  after  it  had  lost  the 
character  of  an  archipelago  and  become  part  of  the  Eurasiatic  con- 
tinent, was  possible  for  these  animals  only  in  a  west-easterly  direc- 
tion. This  corresponds  also  to  the  fact  that  those  forms  allied  to 
the  European  Potamobu\  which  are  the  nearest  geographically,  are 
found  to  the  east  of  them.  They  are  the  forms  of  Cambaroides  in 
Eastern  Asia,  and  we  can  readily  imagine  that  from  the  area  of  dis- 
tribution of  Cambaroides  an  extension  existed  formerly  in  a  westerly 
direction  across  Central  Asia,  which  connected  with  the  European 
area  of  Potamobius ^  and  this  connection  represents  the  direction  of 
the  migration. 

The  forms  of  Potamobius  which  are  found  in  Western  North 
America  possess  a  continuous  area  of  distribution  *  which  is  separated 
from  the  rest  of  the  genus.  Huxley  and  Faxon,  as  has  been  men- 
tioned above,  believe  that  these  American  species  are  more  closely 
related  to  the  European,  but  I  think  we  have  reason  to  accept  a 
different  view. 

My  opinion  is  that  a  primitive  group,  which  was  ancestral  to  all 
three  of  the  living  groups,  formerly  existed  in  Eastern  Asia,  which 
is  to  be  regarded  as  the  centre  of  origin  of  the  PotamobiidcB,  This 
group  sent  out  a  branch  in  a  westerly  direction,  which  finally 
reached  Europe,  and  it  also  sent  out  a  branch  in  an  easterly  direc- 
tion, which  migrated  apparently  along  the  northern  shores  of  the 

1  Possibly  with  the  exception  of  the  isolated  station  near  Unalaska. 
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Pacific  Ocean  and  finally  immigrated  into  Northwestern  America. 
A  trace  of  the  direction  of  this  route  is  preserved  in  the  presence  of 
Potamobius  nigrescens  near  Unalaska.  After  the  final  geographical 
separation  of  the  European  and  American  descendants  from  the 
original  group  in  Eastern  Asia  each  of  the  three  groups  developed 
independently,  and  the  Asiatic  group  acquired  several  more  advanced 
characters  (copulatory  organs  and  hooks)  which  otherwise  are 
found  only  in  CambaruSy  but  which  do  not  point  to  a  closer  affinity 
to  the  latter  genus,  but  are  only  due  to  parallelism. 

Further,  the  West  American  Potamobii  possess  a  character  that  is 
found  also  in  Cambanis,  Faxon  mentions  that  the  second  pleopods 
of  the  male  resemble  not  only  those  of  Cambaroides,  but  also  those 
of  Cambarusy  while  the  European  species  are  different  in  this 
respect.  This  would  bring  the  genus  Cambarus  into  closer  relation 
to  the  West  American  Potamobii ^  and  although  this  similarity 
would  hardly  be  of  much  value  by  itself,  we  have  to  regard  it  as 
significant,  since  it  agrees  well  with  the  distributional  facts.  The 
tracing  back  of  Cambarus  to  Cambaroides  is  geographically  impos- 
sible, and  just  this  latter  diflficulty  has  induced  the  writer  to  exam- 
ine more  closely  the  supposed  resemblance  of  both,  and  the  result 
is  as  has  been  discussed  above.  A  closer  connection  of  the  Euro- 
pean species  of  Potamobius  with  Cambarus  is  out  of  the  question,^ 
and  thus  only  the  third  group  is  left,  the  West  American  Potamobii, 

From  the  latter  group  Cambarus  is  very  sharply  distinguished 
though  and  no  transitional  forms  are  known.  Probably  this  is  due 
to  the  fact  that  the  connection  of  the  area  of  both  is  far  remote 
geologically — that  is  to  say,  that  the  migration  of  Potamobius  into 
Mexico  is  very  old  and  that  the  separation  of  both  genera  took 
place  in  very  early  times,  the  one  becoming  restricted  to  North- 
western America  (southward  to  California),  the  other  developing 
on  the  Mexican  plateau  out  of  the  old  Potamobius  stock  that  origi- 
nally immigrated  thither  from  the  North.  Thus  the  differential 
characters  of  Cambarus  became  well  fixed  and  no  transitions  to  the 
old  stock  are  found  any  more. 

Thus  for  the  family  of  the  Potamobiida  we  may  express  the  fol- 

1  Faxon  (1885,  p.  176)  thinks  that  in  former  times  Cambarus  and  Potamobius 
occupied  about  the  same  area,  and  in  order  to  support  this  he  mentions  the  sup- 
posed existence  of  a  blind  Cambarus  in  the  caves  of  Camiola,  Austria.  How- 
ever,  this  latter  record  is  entirely  erroneous.  There  exists  no  Cambarus  in  the 
caves  of  Carniola  (see  Haman,  Europaische  Hoehlenfauna^  1896). 


1902.]  AND   ANCIENT   GEOGKAPUY.  291 

lowing  opinion  as  to  the  origin  of  its  distribution,  founded  exclu- 
sively upon  systematic  and  chorological  studies. 

The  oldest  home  of  the  Potamobiida  and  their  centre  of  origin  is 
somewhere  in  Eastern  Asia.  This  ancestral  stock  spread  chiefly  in 
two  directions:  a  western  extension  of  the  range  crossed  Central 
Asia,  finally  reaching  Europe,  while  an  eastern  extension  went 
across  Bering  Strait  and  reached  the  western  parts  of  North  Amer- 
ica. The  continuity  of  this  wide  area,  which  was  once  wholly 
occupied  by  the  genus  Poiamobius^  was  interrupted  subsequently  in 
Central  Asia  and  where  there  is  now  Bering  Sea,  and  thus  three 
isolated  areas  were  formed — in  Europe,  in  Eastern  Asia  and  North- 
west America.  In  each  one  of  these  parts  the  genus  Potamobius 
continued  to  develop  separately.  From  the  West  American  stock 
of  Potamobius  finally  issued  the  genus  Cambarus,  which  probably 
originated  in  Mexico  and  thence  invaded  the  central  and  eastern 
parts  of  North  America.  The  origin  of  Cambarus  probably  lies  far 
back  in  time,  since  it  shows  no  marked  special  affinities  to  any  of 
the  three  groups  of  Potamobius^  and  probably  it  was  separated  from 
the  latter  genus  before  it  was  divided  up  into  those  three  groups. 

2.  Family  Parastacidce  Huxl. 

A  systematic  revision  of  this  family  has  not  been  published  hith- 
erto. The  present  writer  has  tried  to  collect  the  necessary  data  for 
a  review  in  the  "  Thierreich,"  and  although  it  is  not  possible  to 
give  a  complete  synopsis,  based  upon  careful  criticism  of  the  existing 
descriptions  as  well  as  upon  actual  specimens,  he  has  obtained  a 
fair  general  idea  of  the  various  forms  which  make  up  this  family. 

According  to  these  studies  the  present  state  of  our  knowledge  of 
the  distribution  of  this  group  is  the  following : 

I.  Genus  Cheraps  Er.  em.  Huxl. 
Species : 

1.  quinquecarinatus  (Gr.).     West  Australia:  Swan  river. 

2.  quadricarinatus  yin^.     North  Australia :  Cape  York. 

3.  bicarinatus  (Gr.).  North  and  East  Australia:  Port  Essington, 
Cape  York,  Rockharapton,  Burnett  river,  Sydney,  Melbourne, 
Murray  river. 

4.  preissi  Er.     Southeast  Australia :  Victoria. 
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Doubtful  species :  australiensis  (M.-E.).     Sydney.* 

2.  Genus  Astacopsis  Huxl. 
Species : 

1.  franklini  (Gr.).     N.  S.  Wales  and  Tasmania. 

2.  serratus  (Shaw).     N.  S.  Wales :  Murray  river,  Murrumbidgee 

river,  Richmond  river,  Brisbane  Water  and  Paramatta  river 
near  Sydney. 

The  following  species  represent  probably  young  stages  of  A. 
serratus:  paramattensis  Bate  and  sydneyensis  Bate,  both  from 
Sydney. 

Doubtful  species :  tasmanicus  Er.     Tasmania. 

3.  Genus  Engcsus  Er. 
Species : 

\,  fossor^x.     Tasmania. 

2.  cunicularius  Er.     Tasmania. 

4.  Genus  Paranephrops  White. 
Species : 

1.  plamfrons  White.     New  Zealand,  North  Island  and  northern 

part  of  South  Island. 

2.  zealandicus  (White).  New  Zealand,  South  Island :  Dunedin, 
Oamaru  (Otago). 

3.  setosus  Hutt.     New  Zealand,  South  Island  :  Canterbury. 

This  genus  possibly  is  also  represented  in  the  Fiji  Islands 
(Huxley). 

A.  doubtful  genus,  which  perhaps  belongs  in  this  neighborhood, 
is  genus  Astaconephrops  Nobili. 

Species : 
I.  albertisi  \^Q\yX\.     Southern  New  Guinea :  Katau. 

5.  Genus  Parastacus  Huxl. 
Species : 

\,  pilimanus  (Mrts.).  Southern  Brazil:  Rio  Grande  do  Sul. 
Northern  Argentina:  Provinces  Corientes,  Entrerios,  Cata- 
marca. 

^  By  Nobili  (i  8991  p.  246)  this  species  is  classified  with  Astacopsis^  and  is 
recorded  from  the  Island  of  Sorong,  west  end  of  New  Guinea.  It  is  very  doubt* 
ful  whether  this  is  correct. 
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2.  brasiliensis  (Mrts.).     Southern  Brazil :  Rio  Grande  do  Sul. 

3.  hassUri  Fax.     Chili :  Talcahuano,  Tumbez. 

4.  defossus  Fax.     Uruguay.     Brazil :  Rio  Grande  do  Sul.* 

5.  saffordi  Fax.     Uruguay.     Brazil :  Rio  Grande  do  Sul.* 

6.  varicosus  Fax.     Reported  from  Colima,  Mexico." 

7.  wV^/<f// (Phil.).     Chili:  Tumbez. 

8.  agassiziYzx,    Chili:  Talcahuano,  Llanquihue  (Puerto  Montt), 

Tumbez.     Argentina :  Lake  Nahuel  Huapi.' 

Doubtful  species:  chilensis  (M.-E.),  spinifrons  (Phil.),  btmacU" 
latus  (Phil.),  all  three  from  Chili. 

This  genus  is  also  found  in  Sta.  Catharina,  Southern  Brazil, 
according  to  Fr.  Mueller. 

6.  Genus  Astacoides  Gu6r. 
Species : 

I.  madagascariensis  (M.-E.).     Madagascar. 

As  regards  the  detailed  limits  of  the  range  of  the  single  species 
and  genera  we  are  very  poorly  informed,  and,  further,  it  is  quite 
possible  that  our  knowledge  of  the  Australian  and  South  American 
crayfishes  is  very  incomplete  also  on  the  systematic  side,  and  it  is 
very  likely  that  there  are  many  unknown  species. 

It  is  evident  at  the  first  glance,  however,  that  the  distribution  of 
the  Parastacidce  is  divided  into  four  absolutely  isolated  areas: 
Australia  (including  Tasmania  and  possibly  New  Guinea);  New 
Zealand;  part  of  South  America;  Madagascar.  Within  each  of 
these  areas  are  peculiar  genera :  in  Australia,  CherapSy  Astaxopsis^ 

^  I  have  received  these  two  species,  defossus  and  saffordi^  from  Rio  Grande  do 
Sul  through  Dr.  H.  von  Ihering. 

'  This  locality  most  emphatically  needs  confirmation.  It  is  very  surprising  that 
this  species  has  never  been  rediscovered  anywhere  in  Mexico,  although  large  col- 
lections of  freshwater  Crustaceans  from  these  parts  have  lately  reached  the 
United  States  Museum. 

»  Through  Prof.  W.  B.  Scott,  of  Princeton,  I  have  received  from  the  La  Plata 
Museum  two  males  and  one  female  of  this  species  from  this  locality  which  agree 
well  with  the  description,  with  the  exception  that  in  the  larger  (adult)  male  the 
right  (largei )  chela  is  more  elongate,  with  almost  parallel  margins,  and  that  the 
squamif  jrm  granules  of  it  are  more  strongly  marked.  The  smaller  male  and  the 
female  agree  perfectly  with  P,  agassiti. 

The  lake  Nahuel  Huapi  is  situated  in  the  Cordilleras,  at  the  southern  extremity 
of  the  Argentinian  province  Neuquen.  It  drains  into  the  Atlantic  through  the 
rirer  Limay  Leofu,  which  finally  forms  the  Rio  Negro.  This  locality  is 
directly  east  of  Llanquihu^,  in  Chili,  but  on  the  opposite  slope  of  the  Cordilleras. 
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Engceus ;  in  New  Zealand,  Faranephrops ;  in  South  America, 
Parastacus  ;  in  Madagascar,  Astacoides.  All  these  forms  are  more 
or  less  closely  related  to  each  other,  only  Astacoides  from  Mada- 
gascar is  rather  isolated  morphologically,  since  its  branchial  formula 
shows  peculiar  reductions  (only  one  pleurobranchia  on  the  fifth  seg- 
ment of  the  thorax,  while  in  all  the  rest  four  pleurobranchiae  are 
present).  In  this  respect  Astacoides  resembles  the  Poiamodiida  of 
the  northern  hemisphere. 

If  it  should  prove  to  be  correct  that  the  genus  Astaconephrops  of 
Nobili,  from  Southern  New  Guinea,  as  its  author  believes,  is  most 
closely  related  to  the  New  Zealandian  ParanephropSy  this,  together 
with  the  occurrence  oi  Paranephrops  in  the  Fiji  Islands  reported  by 
Huxley,  would  indicate  a  distinct  direction  of  the  communication 
between  New  Zealand  and  the  rest  of  the  world.  This  would  have 
been  over  the  Fiji  Islands  in  the  direction  toward  New  Guinea.  As 
to  the  connection  of  the  South  American  Parastaci  with  the  rest  of 
the  family,  we  have  hardly  any  systematic  or  chorological  facts 
which  permit  more  detailed  conclusions.  We  can  only  venture  to 
express  the  opinion  that  some  kind  of  a  connection  between  South 
America  on  the  one  side  and  Australia  or  New  Zealand  on  the 
other  must  have  once  existed. 

In  order  to  get  an  adequate  idea  as  to  the  geographical  relations 
of  the  genus  Astacoides  we  have  to  recall  to  our  mind  a  few  facts 
concerning  the  morphological  relations  of  the  Parasiacidcs  and  the 
Potamobiida  (see  Ortmann,  1901,  p.  1289).  According  to  Faxon 
(1885,  p.  126  f.),  among  the  crayfishes  of  the  northern  hemisphere 
it  is  only  the  subgenus  Cambaroides  which  approaches  those  of  the 
southern.  Not  only  the  characters  mentioned  above,  the  absence 
of  a  suture  on  the  telson  and  the  absence  of  the  first  pleopods  in  the 
female,  are  common  with  the  southern  forms,  but  there  is  also  a 
peculiarity  in  the  arrangement  of  Leydig's  olfactory  organs  on  the 
external  flagellum  of  the  antennules  which  is  found  in  Cambaroides 
as  well  as  in  the  Parasiacidce.  Moreover,  if  we  consider  the  fact 
that  among  the  Parasiacidce  it  is  just  the  genus  Astacoides  from 
Madagascar  which  shows,  in  the  branchial  formula,  a  similarity  to 
the  PotamobiidcB  (although  in  other  respects  the  gills  are  peculiarly 
developed),  it  is  easy  to  imagine,  in  trying  to  construct  a  connec- 
tion between  both  families — and  such  a  connection  must  have  once 
existed — that  this  was  located  between  the  area  of  Cambaroides 
(Northeast  Asia)  and  that  of  Astacoides  (Madagascar).    This  would 
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be  over  India  and  China,  generally  over  Southern  and  Eastern 
Asia.  Under  this  assumption,  that  crayfishes  formerly  existed  in 
Southeastern  Asia,  it  also  becomes  clear  by  which  way  the  rest  of 
the  Parastacida  were  geographically  connected  with  the  Potamo- 
biida^  namely,  by  way  of  the  Indian  Archipelago,  ^rom  the  conti- 
nent of  Asia  over  the  Sunda  Islands,  New  Guinea  to  Australia. 

Looking  over  the  various  connections  between  the  different 
isolated  areas  of  distribution  of  the  different  groups  of  crayfishes, 
which  have  been  suggested  by  the  above  chorological  and  system- 
atical discussions,  we  may  itemize  them  in  the  following  way : 

1.  A  connection  of  East  Asia  with  North  America  by  way  of 
Bering  Sea. 

2.  A  connection  of  Cuba  with  Central  America  (Mexico). 

3.  A  connection  of  New  Zealand  with  Australia,  possibly  over  the 
Fiji  Islands  and  New  Guinea. 

4.  A  connection  of  Australia  or  New  Zealand  with  South  Amer- 
ica. 

5.  A  connection  of  Southeastern  Asia  with  Madagascar  and  with 
Australia. 

We  need  further  explanation  of  the  following  remarkable  facts : 

1.  The  absence  of  Potamobiida  in  Central  Asia. 

2.  The  absence  of  crayfishes  in  Southeastern  and  Eastern  Asia. 

3.  The  remarkable  geographic  restriction  and  isolation  from  each 
other  of  the  crayfishes  of  the  genera  Potamobius  and  Cambarus  in 
North  America. 

4.  The  remarkable  boundaries  of  the  area  of  Parastacus  in  South 
America. 

B.     Chorology  of  the  Family  -^OLEiDiE*  (See  Fig.  2). 

Here  we  shall  leave  for  the  present  the  crayfishes  of  the  families 
of  the  PotamobiidcB  and  Parastacidce  and  shall  take  up  the  small 
group  formed  by  the  yEgiadce  of  Dana.  This  seems  to  be  a  mono- 
typic  family,  consisting  only  of  one  genus  and  one  species,  ^gUa 
/avis  (Latr.).     The  following  localities  are  recorded  for  it : 

Chili :  Valparaiso,  and  between  Valparaiso  and  Santiago  ;  Lake 
Llanquihue,    near   Puerto   Montt.*      Argentina :    Provinces  Jujuy 

1  See  Ortmann,  1 901,  p.  1290. 

•Doflein,  F.  SB.  Akad.  Muenchen^  V.  30,  1900,  p.  135. 
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(this  is  the  northernmost  point,  near  the  Bolivian  boundary),  Tucu- 
man,  San  Luis/  Buenos  Ayres.*  Uruguay.  Southern  Brazil :  Rio 
Grande  do  Sul  and  Santa  Catharina. 

As  may  be  seen,  the  extremities  of 
the  range  on  the  Atlantic  side^  St  a. 
Catharina  and  Uruguay,  and  the 
southernmost  locality  in  Chili,  near 
Puerto  Montt,  are  also  mentioned 
for  the  genus  Parastacus^  and  in  fact 
the  distribution  of  Parastacus  and 
jEgUa  are  almost  identical  (see  figs. 
I  and  2),  only  y£glea  seems  to  ex- 
tend a  little  more  to  the  north 
(Jujuy).  This  similarity  is  the  more 
striking,  since  in  both  cases  the  chain 
of  the  Cordilleras,  which  crosses  the 
area  of  distribution  from  north  to 
south,  has  absolutely  no  effect ;  both 
genera  are  found  on  either  side  of  this  mountain  range,  and  in 
the  case  ^of  ^glece  Icevis  and  Parastacus  agassizi  the  identical  spe- 
cies is  found  east  and  west  of  the  Cordilleras.  This  fact  is  very 
significant,  and  important  conclusions  may  be  derived  from  it. 


Fig.  2. 


Distribution  of  ^glea 
lavis  (Latr.). 


C.     Chorology   of    the    Freshwater  Crabs  of    the   Family 
PoTAMONiDiE  CSec  Figures  3  and  4.) 
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Rathbun,  M.  J. :  **  A  Contribution  to  a  Knowledge  of  the  Freshwater  Crabs  of 
America,    The  Pseudothelphusina "  (^Proc,  U.  S.  Nat.  Mus.jVoL  ai,  1898, 

pp.  507-537). 

Revision  of  the  subfamily  Pseudothelphusina  ^  Potamocarcininae, 
DE  Man,  J.  G.  :  *<  Notes  sur  quelques   espdces  des  genres  Parathelphusa  et 
Potamon,  recueillies  par  M.  Leonardo  Fea  pendent  son  voyage  en  Birmanie  " 
{^Ann,  Mus.  Genova,  Ser.  2,  Vol.  19,  1898,  pp.  384-440). 

Here  a  nominal  list  of  the  described  species  of  Potamon^  with  localities. 

(^)  More  recent  systematic  papers ^  not  included  in  the  above  revisions, 

BoRRADAiLK,  L.  A. :    ««  On  a  Small  Collection  of  Decapod  Crustaceans  from 

Fresh  Waters  in  North  Borneo  "  (  Tr,  ZooL  Soc,  London^  1900,  pp.  93-95). 
DOFLEIN,  F. :    "  Amerikanische   Dekapoden  der   k.   bayerischen   Staatssamm- 

lungen"  (^SB.  Akad,  Muenchen,  Vol.  29,  1899,  pp.  187-188). 
«  Ueber  eine  neue  Suesswasserkrabbe  aus  Columbien  "  {Idid.^  Vol.  30. 

1900). 
——*♦  Ostasiatische  Dekapoden  "  {Abh.  k.  bayerischen  Akad,  fViss,,Yo\.  21, 

1902,  pp.  626-628,  662-663). 
HiLGENDORF,  F. :  « Die   Land-   und   Suesswasser-Dekapoden  Ostafrikas "   (in 

Mcebius,  K.  Deutsch  Ostafrika,  Vol.  4,  1898). 
Lanchester,  W.  F.  :  "  On  Some  Malacostracous  Crustacea  from  Malaysia  in 

the  Collection  of  the  Sarawak  Museum  "  (^Ann.  Nat,  Hist.^  Ser.  7,  Vol.  6, 

1900,  pp.  255-257). 
DE  Man,  J.  G. :  "  Note  sur  quelques  Thelphusides  recueillies  par  M.  Pavie  dans 

rindo-Chine"    {BulL  Soc,    Philotn,    Paris,  Ser.   8,  Vol.    10,   1898,  pp. 

36-52). 

—  "  Description  d'une  espdce  nouvelle  du  genre  Potamon  Sav.  provenant  du 
pays  des  Somalis"  {^Ann.  Mus.  Genova^  Ser.  2,  Vol.  19,  1898). 

"  Zoological  Results  of  the  Dutch  Scientific  Expedition  to  Central  Borneo. 

The  Crustaceans.     Part  2"  {Not.  Ley  den  Mus.,  Vol.  21,  1899,  PP.  67-132). 

—  "  Description  of  a  New  Freshwater  Crustacean  from  the  Soudan  "  (/V. 
Zool.  Soc.  London,  190 1,  pp.  94-104). 

NoBiLi,  G. :  "  Viaggio  del  Dott.  A.   Borelli  nella  Republica  Argentina  e  nel 

Paraguay.     Crostacei  Decapodi "  (Boll.  Afus.   Torino,  Vol.   1 1,  No.  222, 

1896). 
*<  Di  uma  nuova  varieta  della  Thelphusa  dubia  racolta  a   Kazunguli " 

(/did..  No.  262,  1896). 
"Viaggio  del  Dr.  Enrico  Festa  nella  Republica  dell'  Ecuador.     Decapod^ 

terrestri  e  d'acqua  dolce"  (Ibid.,  Vol.  12,  No.  275,  1897). 
. "  Decapodi  e  Stomatopodi  racolti  dal  Dr.  Enrico  Festa  nel  Darien,  etc." 

(/^iV/.,  No.  280,  1897). 

—  "  Supra  alcuni  Decapodi  terrestri  e  d'acqua  dolce  '*  (Ann,  Mus,  Genova, 
Ser.  2,  Vol.  19,  1898,  pp.  9-14). 

— ^  "  Intorno  ad  alcuni  Crostacei  Decapodi  del  Brasile  "  (Boll.  Mus.   Torino, 

Vol.  14.  No.  355,  1899). 
— * '-Contribuzioni  alia  conoscenza  della  fauna  carcinologica  della  Papuasia, 
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delle  Molucche  e  dell'  Australia"  {Ann,  Mus,  Geneva^  Ser.  2,  Vol.  20, 

1899,  pp.  261-264). 

NoBiLi,  G. :  ««Decapodi  e  Stomatopodi  Indo-Malesi "  (/<5iV/.,  Ser.  3,  Vol.  20, 

1900,  pp.  499-504). 

"  Decapodi  raccolti  dal  Dr.  Filippo  Silvestri  neir  America  meridionale  " 

{Boll.  Mus,  Torino t  Vol.  16,  No.  402,  1901). 
"  Viaggio    del    Dott.    Enrico    Festa     nella    Republica    dell*    Ecuador. 

Decapodi  e  Stomatopodi  "  {Idid.t  Vol.  16,  No.  415,  1901). 
Rathbun,  M.  J.:  "Descriptions  de  nouvelles  esp^ces  de  Crabes  d*eau  douce 

appartenant  aux  collections  du  Museum  d'histoire  naturelle  de  Paris  "  {Bull, 

Mus,  Paris,  1897,  pp.  58-61). 
•♦  Descriptions  of  Three  New  Species  of  Freshwater  Crabs  of  the  Genus 

Potamon  "  {Pr,  Biol,  Soc,  Washington,  Vol.  12,  1898,  pp.  27-30). 
"The  Decapod  Crustaceans  of  West  Africa"  {Pr,  U,  S,  Mus„  Vol  22, 

1900,  pp.  282-285). 
**  The  Brachyura  and  Macrura  of  P6rto  Rico  "  {Bull,  U,  S,  Fish  Comm. 

for  1900,  Vol.  2,  190 1,  p.  23). 
«*  Description  des  nouTelles    espdces    de    Parathelphnsa  appartenant  au 

Museum  de  Paris  "  {Bull,  Mus,  Paris,  1902,  p.  184  ff.). 
Weber,  M.  :  "Die  Decapoden  Crustaceen  des  Suesswassers  von  Sued-Afrika  " 

{Zool,  Jahrb.  Syst,,Vo\.  10,  1897,  p.  156). 

According  to  Ortmann  (1897)  the  family  of  Potamonida  Ortm. 
(=  ThelphusidcE  Dan.)  is  divided  into  four  subfamilies  :  Potamoninct 
Ortm.,  DeckeniincR  Ortm.,  Potamocarcinina  Ortm.,*  and  Tricho- 
daciyiina  Ortm.  The  first  two  belong  to  the  Old  World,  the  last 
two  inhabit  the  New  World." 

I.  Subfamily:  PoTAMONiNiE. 

The  subfamily  Potamonina  is  in  very  poor  condition,  systemati- 
cally. Not  only  our  knowledge  of  the  very  numerous  species  is 
rather  incomplete,  but  also  their  arrangement  into  genera  and  sub- 
genera is  by  no  means  satisfactory.  Generally,  it  seems  that  we  can 
distinguish  two  genera:  Paralhelphusa  M.-E.  and  Potamon  Sav. 
(=  Thelphusa  Latr.  J,  to  which  possibly  a  third  one  is  to  be  added, 

^o.  Pseudothelphusina  Ortmann  and  Rathbun  (1898,  p.  508).  The  division 
into  genera  varies  considerably  with  Ortmann  and  Rathbun  respectively  (see 
below) ,  and  the  name  of  the  subfamily  depends  on  the  classification  accepted. 

•According  to  Alcock  {Journ,  Asiat,  Soc,  Bengal,  Vol.  69,  1900,  p.  279), 
also  GecarcinucHS  (one  species  in  the  peninsula  of  India),  which  was  placed 
hitherto  with  the  family  Gecarcinida,  belongs  to  the  Tkelphusida  {m^  Pola- 
monida).  If  thif  is  so,  we  ought  to  create,  possibly,  a  separate  subfamily  for 
thif  genus. 
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the  very  incompletely  known  Erimetapus  of  Rathbun.  The  value 
of  a  few  other  genera,  created  by  various  authors,  is  extremely 
doubtful. 

Paraihelphusa  is  represented  by  typical  species  in  the  northern 
parts  of  India,  in  Burma,  Siam,  Anam,  Malacca,  Southern  China 
(Hongkong  and  Canton),  and  in  the  Sunda  Islands:  Sumatra, 
Borneo,  Java,  extending  to  Timor  and  New  Guinea.  With  the 
same  genus  some  other  forms  have  been  classified  which  are  found 
in  certain  parts  of  Africa  (Congo  basin  and  Nile  river;  ;  but  these 
have  been  placed  by  the  present  writer  in  a  subgenus  {Acanthoihel- 
phusd)  of  PotamoHy  since  they  differ  in  their  general  sha|>e  very 
strikingly  from  the  Asiatic  species  of  Paraihelphusa,  Unfortunately 
these  African  species  are  very  poorly  known ;  only  of  the  Nile 
species  figures  have  been  published  (Milne-Edwards  and  Hilgen- 
dorf),  and  according  to  these  it  is  impossible  to  unite  this  species 
and  its  supposed  allies  with  Paraihelphusa} 

As  regards  the  genus  Potamoiiy  it  is  divided  into  several  sub- 
genera, which,  however,  are  not  very  sharply  defined.  Aside  from 
the  doubtful  subgenus  Acanihoihelphusa  just  mentioned,  there  are 
three  of  them  which  are  generally  recognised  :  Poiamon  (sens, 
strict.),  Poiamonauies  MacL,  and  Geothelphusa  Stps.* 

The  centre  of  the  subgenus  Poiamon  is,  no  doubt,  in  India  and 
Farther  India.  Thence  it  extends  eastward  to  the  greater  Sunda 
Islands  (Sumatra  and  Java)  ;  it  is  found  in  the  Philippine  Islands, 
but  does  not  advance  any  farther  in  this  direction.  Northward  it 
enters  China,  where  it  is  known  from  the  Yang-tse-Kiang  (see 
Dofiein,  1902,  p.  662).  It  does  not  seem  to  pass  beyond  the 
Himalaya  Mountains  to  the  north,  but  extends  considerably  west- 
ward (possibly  in  a  single  species),  going  through  Persia  to  the 
Transcaspian  countries,  crossing  the  Caucasus  Mountains  and 
extending  to  the  Crimea ;  from  Mesopotamia  it  extends  to  Syria  and 
Asia  Minor,  where  it  reaches  the  Mediterranean  countries,  and  here 
it  is  found  in  Northern  Egypt,  Turkey,  Greece,  Italy,  Sicily,  and 

'  Possibly  Platythelphusa  A.  M.-E.  (see  Hilgendorf,  1898,  p.  21)  from  Lake 
Tanganyika  also  belongs  here. 

*I  disregard,  for  the  present,  the  subgenus  Peritfulphma  de  Man  (1899, 
p.  70),  which  contains  apparently  rather  primitive  forms  of  Geothelphusa^  and, 
on  account  of  its  exclusive  occurrence  in  Borneo,  may  be  left  united  with 
Geothelphusa,  As  to  Platythelphusa ^  see  the  last  note.  As  to  Hydrotkelphusa 
A.  M.-E.,  see  below. 
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farther  in  Algiers  as  far  as  Oran.^  It  is  a  remarkable  fact  that  this 
subgenus  is  entirely  absent  from  Africa  proper,  />.,  the  part  of  it 
that  lies  to  the  south  of  the  Sahara  Desert. 

The  subgenus  Potamonautes,  on  the  contrary,  has  its  chief  centre 
of  distribution  in  tropical  Africa.  It  has  been  found,  beginning  at 
Liberia,  all  along  the  western  coast  as  far  as  Mossamedes.  It  is 
found  in  the  interior,  in  the  region  of  the  upper  Zambesi  (Kazun- 
gula),  extends  over  Transvaal  to  the  Cape  Colony,  and  northward 
all  along  the  eastern  coast  (Natal,  Mozambique)  to  German  East 
Africa.  Also  in  the  eastern  part  of  the  interior  it  is  represented, 
for  instance,  in  the  headwaters  of  the  Nile  (Victoria  Nyanza)  and  in 
the  Somali  country.  From  the  upper  Nile  it  extends  down  the 
Nile  valley  as  far  as  Bahr-el-Gebel  in  the  Egyptian  Soudan.  It  is 
also  found  on  the  Island  of  Socotra  and  in  Madagascar,  although 
the  species  of  the  latter  island  do  not  seem  to  belong  to  the  typical 
form  of  this  subgenus.* 

*  A.  Milne-Edwards  reports  a  species  that  is  identical  with  an  Indian  ( P,  le- 
scAfnaut/i  (M.'E.))  from  Mauritius:  this  locality,  however,  lacks  confirmation. 
As  regards  the  Madagassian  species  of  Potamon,  their  systematic  position  is 
doubtful,  and  they  possibly  do  not  belong  to  this  subgenus.     Compare  next  note. 

*  Three  species  of  Potamon  are  known  from  Madagascar.  P.  goudoii  (M.-E.) 
(see  A.  Milne-Edwards,  1869,  p.  172,  PL  8,  Fig.  4)  is  a  peculiar  form,  but  its 
postfrontal  crest  distinctly  points  to  Potamonautes.  A.  Milne-Edwards  compares 
it  with  P,  obesum  A.  M.-E.  from  Zanzibar,  and  indeed  it  seems  to  be  closely 
related  to  it.  The  latter  species  is  also  an  abnormal  type  of  Potamonautes^  and 
forms  with  several  others  a  group  that  is  peculiar  to  East  Africa ;  but  there  is 
no  reason  to  separate  this  group  from  Potamonautes^  and  thus  we  may  safely 
regard  P,  goudoti  as  a  Potamonautes.  The  second  species  is  P,  madagas^ 
cariense  (A.  M.-E.)  {Ann.  Set.  Nat.  Zool,,  Ser.  5,  Vol.  15,  1872),  As  to  this 
form,  the  diagnosis  of  which  is  very  brief,  and  which  has  not  been  figured,  its 
author  says  that  it  is  a  true  Ihelphusa  {i.e.,  subgenus  Potamon),  but  this  seems 
hardly  correct  according  to  the  description  of  the  postfrontal  crest,  which  is  said 
to  be  simply  interrupted  in  the  middle,  while  the  median  parts  of  it  are  not 
advanced  beyond  the  rest.  This  would  better  agree  with  Potamonautes.  The 
third  species  is  regarded  by  A.  Milne-Edwards  {Ibid.,  1872)  as  the  type  of  a 
separate  genus,  Hydrothelphusa  {H.  agilis  A.  M.-E.).  This  genus  is  said  to  be 
chara:terized  by  the  flat  carapace,  which  is  scarcely  dilated  and  almost  quad- 
rangular, and  by  the  horizontal  front.  The  postfrontal  crest  is  distinct  and 
interrupted.  Since  no  figure  is  given,  it  is  hard  to  form  an  opinion  as  to  the 
relation  of  this  form  to  others,  but  it  seems  to  be  very  peculiar. 

Thus  it  seems  that  the  Madagassian  species  of  Potamon  show,  in  som^ 
respects,  a  distinct  relation  to  East  Africa  and  the  subgenus  Potamonautes, 
while  in  others  they  appear  quite  peculiar.  (This  is  opposed  to  the  opinion 
expressed  by  myself  in  1901,  p.  1290,  footnote.) 
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The  main  range  of  Potamonautes  in  Africa  seems  to  be  almost 
continuous,  but  absolutely  isolated  from  it  is  a  secondary  centre  in 
South  Asia.  Here  this  subgenus  is  represented  in  India,  and 
thence  it  extends  to  Farther  India,  and  reappears  on  some  of  the 
islands :  Pulo  Condore  on  the  coast  of  Cochin  China,  in  the  Philip- 
pine Islands,  Celebes  and  New  Guinea.  These  latter  localities  are 
distinctly  discontinuous. 

The  third  subgenus,  Geothelphusa^  undoubtedly  has  its  centre  in 
the  extreme  East,  and  it  is  most  characteristic  for  the  Malaysian 
Islands.  On  the  Asiatic  continent  it  seems  to  be  absent ;  but  it  is 
found  abundantly  in  Sumatra,  Java,  Borneo,  and  extends  eastward 
over  Aru  Island  and  New  Guinea  to  North  Australia,  where  it  is 
found  on  the  Cape  York  Peninsula,  and  in  Queensland  as  far  as 
Port  Mackay.*  Northward  this  subgenus  ranges  over  the  Philippine 
and  Loo-Choo  Islands  to  Japan,  where  it  reaches  its  northernmost 
station  in  the  neighborhood  of  Tokyo. 

On  the  continent  of  Asia  typical  species  of  this  subgenus  have 
not  been  found ;  indeed  a  few  small  species  from  India  have  been 
described  which  might  be  united  with  this  subgenus,  but  this  is  by 
no  means  sure. 

But  this  identical  subgenus,  Geotheiphusa,  is  apparently  found  in 
another  locality  isolated  from  the  rest  of  the  range:  this  is 
P.  berardi  {\\id,)  from  Eg\pt  (Nile  river).  This  species,  however, 
is  also  morphologically  isolated  from  the  rest;  and  further,  this 
subgenus  is  recorded  by  Rathbun  from  Liberia  {P.  macrcpus  ^ihh.y 
1898),  and  some  species  from  East  and  Central  Africa,  related  to 
P.  obesum,  mentioned  above,  resemble,  in  the  reduction  of  the 
postfrontal  crest,  the  subgenus  Geothelphusa^  while  on  the  other 
hand  they  are  undoubtedly  relited  to  the  subgenus  Potamonautes. 
It  is  quite  possible  also  that  P,  berardi  from  Egypt  (Kairo  south- 
ward to  Mouiit  Elgon)  belongs  to  this  East  African  group.  In  my 
opinion,  all  these  species  do  not  properly  belong  to  Geothelpkusa^ 
and  we  have  to  deal  here  again  with  a  case  of  convergency :  the 

^According  to  de  Man,  an  Australian  species  (/*.  transversutn  (Mrts.))  is  also 
found  in  the  Fiji  Islands ;  but  this  lacks  cunhrmation. 

*The>e  are  P,  obesum  (A.  M.-E  ),  Zanzibar;  P,  emini  Hlgdfl,  P,  new- 
manni  lll^df.,  P,  pilosum  Hlgdi.  (Hilgendorf,  1898),  all  three  from  East 
Africa  and  ihe  region  of  the  Great  Lakes.  Possibly  P,  socotreme  Hilgendorf 
(1883,  Zeitschr.  d.  Aaturw.,  Ser.  4,  Vol.  2)  —  P.  granosum  Koelbel  \^SB, 
Akad    Wien^  Vol.  90,  1885)  belongs  here. 
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tendency  to  reduce  the  postfrontal  crest  has  developed  in  the  East 
African  forms  independently  from  the  typical  Geothriphusa,  and 
the  East  African  (possibly  also  the  Liberian)  species  form  a  pecu- 
liar branch  oi  Potamonautes, 

The  genus  Erimetopus  of  Rathbun  is  found  so  far  only  in  the 
Congo  basin. 

Considering  the  distribution  of  the  subfamily  Potamonina 
in  general,  we  see  that  it  is  continuous  over  the  whole  of 
tropical  Africa,  then  it  extends  through  the  Nile  valley  into  the 
Mediterranean  regions  and  connects  with  the  Asiatic  range,  which 
goes  from  Syria  over  Mesopotamia,  Persia  to  India,  China  and  the 
Malaysian  archipelago,  over  which  it  finally  reaches  Northern  Austra- 
lia and  Japan.  This  whole  range  is  practically  continuous,  only 
the  larger  continental  islands  (disregarding  the  smaller  ones),  Mada- 
gascar and  the  Sunda  Islands,  the  Philippines,  New  Guinea  and 
Japan,  constituting  breaks  in  the  continuity. 

Within  this  large  area,  however,  we  are  able  to  distinguish  two 
main  divisions :  an  African,  characterized  by  the  prevalence  of  the 
subgenus  Potamonautes,  the  complete  lack  of  the  subgenus  Potamon 
(and  possibly  of  Geothelphusd),  and  an  Asiatic-Australian  division, 
characterized  by  the  prevalence  of  the  subgenus  Potamon,  the  pres- 
ence of  Geothelphusa  (in  its  eastern  part),  and  the  scarcity  of 
Poiamonautes,  Both  divisions  are  practically  connected  by  the 
Nile  valley ;  this  connection,  however,  does  not  seem  to  represent 
the  original  condition,  but  suggests  a  secondary  one,  since  different 
types  are  here  associated  which  are  not  at  all  related  to  each  other. 
Species  of  Potamonautes,  to  which  subgenus,  according  to  our  opin- 
ion, P,  berardi  also  belongs,  migrating  northward  from  the  Soudan, 
have  met  here  in  Lower  Egypt  a  species  of  the  subgenus  Potamon 
{P,  fluviatiU),  which  had  migrated  westward  from  India.  Both 
subgenera  entered  the  Nile  valley  from  different  directions  and 
accidentally  became  occupants  of  the  same  territory,  but  the  Nile 
valley  is  not  the  route  of  migration  by  which  African  species 
migrated  into  Asia  or  vice  versa. 

Aside  from  this  narrow  connection,  the  fauna  of  freshwater  crabs 
of  tropical  Africa  is  very  sharply  characterized  and  isolated  from 
Asia,*  and  the  fact  is  worth  special   mention  that   North  Africa 

1  The  peculiarity  of  the  African  fauna  is  emphasized  by  the  doubtful  forms  of 
Parathelphusa  (or  Acanthothelphusa),  and  by  Erimetopus, 
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(Lower  Egypt  and  Algiers)  points,  like  the  whole  of  the  Mediter- 
ranean region,  to  India,  from  which  locality  the  species  present  there, 
P,  fluviatile  (Latr.),  has  apparently  migrated  in  an  east-westerly 
direction  over  Persia,  Mesopotamia  and  Syria.  P,  fluviatile  has 
been  actually  recorded  from  western  India ;  at  any  rate  the  most 
closely  allied  species  to  this  one  are  found  in  India  and  China. 

Other  remarkable  facts  in  the  distribution  of  this  subfamily  may 
be  summed  up  thus : 

1 .  The  Asiatic  as  well  as  the  African  part  of  the  range  is  occu- 
pied by  the  subgenus  Potamonautes,  It  is  impossible  to  say  which 
was  the  original  home  of  Potamonautes,  but  this  much  is  evident, 
that  it  must  have  been  present  in  both  parts  at  a  comparatively 
early  time,  it  being  probably  older  than  Potamon  sens,  strict.  In 
Africa  Potamonautes  attained  its  highest  development,  being  the 
prevailing  type  there  and  showing  great  variety. 

2.  Madagascar,  while  belonging  distinctly  to  Africa  in  its  fauna, 
possesses  some  rather  peculiar  types. 

3.  The  subgenus  Potamon  originated  in  Asia,  apparently  at  a  time 
when  there  was  no  connection  any  more  with  tropical  Africa  or 
Madagascar.  The  immigration  of  Potamon  into  the  Mediterranean 
countries,  across  Persia,  etc.,  is  probably  a  comparatively  recent 
one,  since  the  route  of  immigration  is  easily  traced  and  occupied 
by  one  single  species. 

4.  The  Malaysian  and  Philippine  Islands,  Japan  and  North  Austra- 
lia possess  in  Geothelphusa  a  very  peculiar  group.  This  distribution 
of  Geothelphusa  does  not  correspond  to  that  of  Parathelphusa^ 
Potamonautes  and  Potamon  sens,  strict.,  which  are  also  found  in  the 
Malaysian  Islands.  Potamonautes  and  Parathelphusa  are  similar  in 
this  respect,  possessing  on  the  Sunda  Islands  only  scattered  stations 
(as  far  as  New  Guinea),  which  by  their  discontinuity  express  an 
ancient  condition.  Potamon  points  directly  to  an  Indian  origin, 
extending  only  to  Sumatra,  Java  and  the  Philippines,  but  going  not 
any  farther  to  the  east. 

5.  The  position  of  Parathelphusa  is  hard  to  understand.  If  it 
is  really  absent  in  Africa,  as  we  believe,  its  distribution  in  Asia  is 
rather  eastern  than  western,  being  chiefly  found  in  Farther  India. 
Its  extension  over  the  Sunda  Islands  to  New  Guinea  points  to  old 
conditions.  Since  the  morphological  relations  of  Parathelphusa  to 
the  rest  of  the  subfamily  are  not  well  understood,  it  is  better  to 
exclude  it  from  our  further  consideration. 
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Supposing  that  this  subfamily  must  have  had  once  a  more  or  less 
continuous  distribution,  we  are  to  draw  from  this  the  following 
conclusions  as  to  the  geographic  conditions  of  the  past : 

1 .  Africa  and  India  must  have  been  connected  once.  This  connec- 
tion, however,  was  not  by  way  of  North  Africa,  Arabia  and  Persia, 
and  is  possibly  identical  with  that  from  Africa  over  Madagascar  to 
India,  discussed  above  (see  No.  5,  p.  295). 

2.  Madagascar  must  once  have  been  a  fart  of  Africa, 

3.  The  Indo- Malaysian  Islands,  including  the  Philippine  Islands, 
Loo-  Choo  Islands  and  Japan,  must  have  been  once  connected  not  only 
between  themselves,  but  also  with  New  Guinea  and  North  Australia 
(as  indicated  by  Geothelphusa).  On  the  other  hand,  the  distribution 
of  the  typical  forms  of  Potamon  indicates  that  some  of  these  islands 
(Sumatra,  Java,  Philippines)  were  once  connected  with  the  continent 
of  Asia.     Then,  again,  by  Potamonautes  (and  Parathelphusa')  the 

former  continuity  of  the  whole  region  from  India  to  New  Guinea  is 
indicated  (see  p.  295).  It  is  evident  that  here  repeated  and  important 
changes  of  the  mutual  connections  have  taken  place  at  different 
periods  of  the  past. 

The  history  of  the  subfamily  of  Potamonina  would  then  be  this : 
Its  centre  lies  in  an  Afro-Indian  continental  mass,  which  was  divided 
subsequently  into  two  parts,  tropical  Africa  and  India.  From  India 
the  subfamily  extended  at  a  very  early  period  over  the  Sunda 
Islands,  Philippine  Islands,  which  consequently  must  have  formed 
a  part  of  the  continent,  and  this  continental  connection  extended 
as  far  as  New  Guinea  and  Australia,  but  not  without  repeated  inter- 
ruptions and  changes.  In  the  region  of  unstability  and  change  lies 
the  home  of  the  subgenus  Geothelphusa,  which  was  able  at  a  certain 
time  to  go  as  far  north  as  Japan.  A  separate  branch  of  the  sub- 
genus Potamon  was  sent  out  from  India  westward,  which  finally 
reached  the  Mediterranean  countries,  where  it  met  in  the  lower 
Nile  valley  a  branch  of  the  African  subgenus  Potamonautes  which 
came  down  the  Nile  from  the  south. 

2.  Subfamily:  Deckeniince, 
The  second  subfamily  of  the  Old  World,  the  Deckeniince,  contains 
only  one  genus,  Deckenia  Hlgdf.  (see  Ortmann,  1897,  p.  314),  of 
which  three  species  have  been  described  : 
D.  imitatrix  Hlgdf.     Interior  of  British  East  Africa :  Taro  (Hil- 
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gendorf,  1898,  p    23)  and  Somali  coontrj  (de  Mad,  1898, 
p.  270). 
Z>.  mitis  Hlgdf.  (1898,  p.  24).     Gennan  East  AMca  and  British 
East  Africa  (Mombas). 

Z>.    aUuaudi  A.  M.-E.  and  Bouv.  (=  crisiata  Rthb.)-     Seycbelle 
Islands. 

The  Dccketttina  are,  as  is  expressed  by  their  morphological  char- 
acters (Ortmann,  1897,  p.  297),  a  highly  specialized  group  of  the 
family  which  may  be  connected  without  hesitation  with  the  genus 
Potamon^  and  possibly  with  the  African  branch  of  it.  This  sub- 
family is  a  group  localized  in  East  Africa,  and  the  presence  of  one 
of  the  species  in  the  Seychelles  indicates  a  former  connecHon  of 
these  islands  with  East  Africa.  It  is  quite  probable  that  this  con- 
nection is  an  additional  proof  for  that  old  Afro-Indian  landbridge 
discussed  above,  which  included  Madagascar  (see  No.  5,  p.  295, 
and  No.  i,  p.  305). 

3.  Subfamily:  Potamocarcimmt, 

The  subfamily  Potamocarcinintz  (=  Pscudothelphusina)  is  re- 
stricted to  America  and  is  wanting  in  the  Old  World.  The  syste- 
matic arrangement  of  it  is  a  matter  of  discussion,  since  the  two 
revisions  published  by  Rathbun  and  Ortmann  do  not  agree  as  to  the 
principles  of  division. 

Regarding  the  subfamily  as  a  whole,  its  range  comprises  the 
following  parts:  West  Indies — Greater  Antilles:  Cuba  (including 
the  Isle  of  Pines),  Hayti,  Porto  Rico  (including  Santa  Cruz) ;  Les- 
ser Antilles :  Guadeloupe,  Dominica,  Martinique,  Sta.  Lucia.  On 
the  continent  its  range  begins  in  Mexico ;  the  northern  boundary 
is  marked  by  a  line  beginning  in  Tepic  Territory,  running  through 
the  States  Jalisco  and  Guanajuato  to  Vera  Cruz.  Thence  the  range 
covers  the  southern  parts  of  Mexico,  Guatemala,  Nicaragua,  Costa 
Rica  and  Colombia,  and  extends  eastward  over  Venezuela  (includ- 
ing Trinidad)  and  Guyana.  In  a  southerly  direction  it  passes  from 
Colombia  into  Ecuador,  Peru  and  to  Northern  Bolivia.  In  the  lat- 
ter region  it  is  found  in  the  Cordilleras  and  the  tributaries  of  the 
upper  Amazonas  river.  An  isolated  locality  is  Para,  on  the  southern 
side  of  the  mouth  of  the  Amazonas  river  {Pseudothelpkusa  agassiu 
Rthb.). 

In  order  to  get  an  idea  of  the  distribution  of  the  different  genera 
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of  this  subfamily,  it  is  necessary  to  discuss  the  systeraatics  of  it. 
Ortmann  distinguishes  four  genera:  Potamocarcinus^  Epiloboceray 
Hypolobocera  and  KingsUya^  while  Rathbun  accepts  the  following : 
Epilobocera^  Potamocarcinus ,  Pseudothelphusa  and  Rathbunia, 
Generally,  Ortmann 's  Potamocarcinus  corresponds  to  the  genera 
Potamocarcinus  and  Pseudothelphusa  of  Rathbun,  and  the  close 
affinity  of  these  two  -  is  also  admitted  by  Rathbun,  so  that  their 
union  (under  Potamocarcinus^  is  well  supported.  But  in  this  case, 
we  are  to  exclude  from  Potamocarcinus  the  species  sinuatifrons 
Kgsl.  (and  Ortm.,  nee  A.  M.-E.)  =  Jiaytensis  Rthb.,  which  be- 
longs to  Epilobocera.  If  we  add  this  latter  species  to  Ortmann's 
Epilobocera,  this  genus  corresponds  exactly  to  Epilobocera  Rath- 
bun. Hypolobocera  of  Ortmann  is  classed  by  Rathbun  with  Pseudo- 
thelphusa {Potamocarcinus  of  Ortmann),  and  rightly  so,  as  we  now 
believe.  Kingsleya  Ortmann  is  put  by  Rathbun  with  Potamocar- 
cinus (sens,  strict.);  this,  however,  does  not  seem  to  be  justified, 
since  then  the  very  peculiar  shape  of  the  orbita  is  neglected.  While 
in  all  other  forms  of  the  subfamily  the  lower  orbital  margin  pos- 
sesses on  the  inner  end  a  suborbital  lobe,  which  may  unite  with  the 
front,  in  Kingsleya  the  lower  orbital  margin  itself  joins  the  front, 
while  the  suborbital  lobe  is  hidden.  This  character,  connected 
with  the  extremely  reduced  condition  of  the  exopodite  of  the  third 
maxilliped,  which  .also  does  not  find  its  like  in  the  whole  subfamily, 
fully  warrant,  in  our  opinion,  the  creation  of  a  separate  genus.  The 
genus  Rathbunia  of  Nobili  is  founded  upon  a  single  species,  and 
its  chief  character  is  taken  from  the  shape  of  the  meropodite  of  the 
third  maxilliped,  which  is  narrower  than  usual  at  the  proximal  end. 
In  all  other  respects  this  genus  agrees  absolutely  with  Pseudothel- 
phusa (resp.  Potamocarcinus  of  Ortmann),  and  a  generic  separation 
does  not  seem  to  be  necessary. 

As  a  compromise  between  both  generic  divisions  I  should  like  to 
suggest  the  following: 

Genus:    Epilobocera    Stps.    (corresponding    fully   to   Epilobocera 
Rathbun). 

Genus:    Potamocarcinus    M.-E.    (=  Potamocarcinus  Ortm.    (ex- 
cluding sinuatifrons  Ortm.  =  haytensis  Rthb.)  +  Hypolobo- 
cera Ortm.). 
I.  Subgen.      Potamocarcinus    M.-E.     (genus,    according    to 
Rathbun,  excluding  the  species  latifrons  Rand.). 
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2.  Subgen.      Pseudothelpkusa  Sauss.     (=  genus    Pseudothel- 
phusa  Rthb.). 

3.  Subgen.     Rathbunia  Nobili  (=  genus  Nobili  and  Rathb.). 
Genus  Kingsleya  Ortm. 

It  is  entirely  a  matter  of  taste  whether  one  prefers  to  regard 
Potamocarcinus^  Pseudothelphusa  and  Rathbunia  as  genera  or  sub- 
genera. This  much,  however,  is  evident,  that  they  are  much  more 
closely  allied  to  each  other  morphologically  than  to  either  Epiiobo- 
cera  or  KingsUya.  Judging  from  the  third  maxillipeds  (which 
furnish  a  good  criterion  in  this  respect),  Eptiobocera  should  be  re- 
garded as  the  most  primitive  form,  Potamocarcinus  (in  the  largest 
sense)  would  be  typical  and  Kingsleya  the  most  specialized. 

This  division  into  three  genera  corresponds  well  to  the  geographi- 
cal distribution  of  the  different  forms  (see  Rathbun,    1898,  pp. 

532-537)- 

Epiloboura  contains  six  species  which  are  restricted  to  the  Greater 
Antilles:  Cuba,  Isle  of  Pines,  Hayti,  Porto  Rico  and  Santa  Cruz 
Island. 

Potamocarcinus  (in  the  widest  sense)  contains  47  species*,  which 
cover  the  whole  continental  range  of  the  subfamily  from  Mexico  to 
Bolivia  and  Para,  the  Lesser  Antilles  and  of  the  Greater  Antilles, 
Cuba  and  Hayti.  The  subgenus  Pseudothelphusa  has  the  same 
range,  while  of  the  two  species  of  Potamocarcinus  (sens,  strict.) 
one  is  found  in  Guyana,  the  other  in  Costa  Rica.  Rathbunia  is 
known  only  from  Darien.  Kingsleya  is  so  far  known  only  from 
Guyana. 

The  range  of  the  subfamily  on  the  continent  seems  to  be  perfectly 
continuous ;  only  P.  agassizi  from  near  Para  appears  to  be  more  or 
less  isolated.  The  most  closely  allied  forms  to  this  one  (jeflexi- 
frons  Ortm.  and  denticulatus  M.-E.)  are  found  in  the  region  of 
the  upper  Amazonas  and  in  Guyana  respectively,  so  that  this 
locality  (Para)  is  possibly  connected  with  Guyana.  There  is,  how- 
ever, the  other  possibility,  that  along  the  course  of  the  Amazonas 
river  a  connection  exists  between  its  lower  part  (Para)  and  its 
upper  (upper  Amazonas).     A  very  important  fact  is  that  Para  is 

^  Forty-two  species  mentioned  by  Rathbun,  one  described  subsequently  by 
Doflein  (1900,  /'.  principessa,  Colombia),  one  described  by  Nobili  (1901,  P, 
caputiiy  Ecuador) ;  these  forty- four  belong  to  Pseudothelphusa,  Two  species 
belong  to  Potamocarcinus  and  one  to  Rathunia. 
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the  only  locality  known  for  this  subfamily  to  the  south  of  the  Ama- 
zonas  river,  at  least  in  Brazil.  Generally,  we  may  call  this  river 
the  southern  boundary  of  the  range  of  the  subfamily,  although  in 
the  Cordilleras  of  Peru  and  Bolivia  Potamocarcinina  are  found  more 
to  the  south. 

The  localities  of  this  subfamily  in  the  West  Indian  islands  are 
now  separated  from  the  main  range  on  the  continent.  Here  we 
can  distinguish  two  groups :  the  Greater  Antilles  possess  as  a  charac- 
teristic type  the  genus  Epiiobocera^  which  is  found  nowhere  else. 
At  the  same  time  we  have  in  Cuba  three  species  of  Pseudothelphusa, 
of  which  one  {americand)  is  also  found  in  Hayti.  This  same  spe- 
cies, P,  americana  Sauss.,  is  found  largely  distributed  in  Mexico 
(States  of  Guanajuato,  Morelos,  Puebla,  Guerrero,  Oaxaca),  and, 
further,  another  Cuban  species  {Urrestris  Rthb.)  has  also  been 
reported  from  Mexico  (Jalisco  and  Tepic),  while  the  third  species 
{affinis  Rthb.)  is  restricted  to  Cuba.* 

The  second  group  within  the  West  Indies  is  formed  by  the  islands 
of  Gaudeloupe,  Dominica,  Martinique,  St.  Lucia,  where  one  species 
{P.  dentata  (M.-E.))  is  found.  According  to  Rathbun  (1898,  p. 
524),  the  most  closely  allied  forms  to  this  are  P,  garmani  Rthb. 
from  Trinidad  and  Venezuela,  and  P.fossor  Rtlib.  from  Venezuela. 

The  above  chorological  and  systematic  facts  justify  the  following 
conclusions : 

1 .  The  distribution  of  the  Potamocarcininct  in  Central  and  South 
'America  is  remarkable^  in  so  far  as  it  does  not  go  southward  beyond 
the  Amazonas  river. 

2.  The  West  Indian  islands  must  have  been  once  connected  with 
Central  and  South  America,  The  freshwater  crabs  of  the  Greater 
Antilles  point  to  a  connection  with  Mexico,  as  well  as  to  a  connection 
between  themselves,  after  they  were  separated  from  the  mainland 
{Epilobocera),  The  freshwater  crabs  of  the  Lesser  Antilles  point 
to  a  connection  with  Trinidad  and  Venezuela. 

Connection  of  the  Potamocarcinince  and  Potamonina. 

As  is  accepted  by  all  authors,  the  affinity  of  the  Potamocarcinince 
of  the  New  World  with  the  Potamoninoi  of  the  Old  World  is 
beyond  question,  and  this  affinity  is  expressed  by  their  position  as 

^  This  locality,  given  for  a  specimen  from  the  old  collection  of  Gu6rin  in 
Philadelphia,  needs  confirmation. 
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two  subfamilies  within  the  same  family,  Potamonida^  which  has 
never  been  disputed.*  Consequently  the  idea  suggests  itself  that 
both  subfamilies  have  a  common  origin,  or  have  descended  the  one 
from  the  other.  Transitional  forms  between  them  are  not  known ; 
this,  however,  is  not  astonishing  if  we  consider  their  geographic 
isolation. 

The  present  writer  has  called  attention  to  the  presence  in  Cen- 
tral Africa  of  a  group  of  Potamon,  which  he  has  designated  as  the 
subgenus  Acanthothelphusa.  These  species  have  been  united  by 
others  with  Parathelphusa^  which  classification  we  do  not  consider 
to  be  correct.  Although  these  species  are  very  poorly  known,  it 
seems  impossible  to  unite  the  type-species  of  Acanthothelphusa 
(from  the  Nile)  with  Parathelphusa,  and  it  would  be  well  to 
examine  the  other  species  more  closely  with  a  view  to  their  possible 
relation  to  the  American  Potamocarcinince, 

Whether  this  prove  to  be  so  or  not,  this  much  is  unquestionable, 
that  the  West  African  PotamonincB  are  geographically  most  closely 
approached  by  the  South  American  Potamocarcininte^  and  thus  a 
former  connection  of  the  respective  parts ^  West  Africa  and  northern 
^South  America^  is  suggested  (see  Ortmann,  1901,  p.  1291). 

4.  Subfamily :    Trichodactylina,     (See  Fig.  4.) 

Finally,  we  are  to  consider  the  subfamily  Trichodactylince  Ortm., 
which  is  divided,  according  to  Ortmann  (1897,  p.  298),  into  two 
genera,  Trichodactylus  Latr.  and  Orthosioma  Rand.,  which  latter' 
generic  name,  however,  is  to  be  abandoned  as  preoccupied.  Its 
place  is  to  be  taken  by  Sylviocarcinus  or  Dilocarcinus  M.-E.,  1853. 
But  even  Trichodactylus  and  Dilocarcinus  (in  its  largest  sense  in- 
cluding Sylviocarcinus,  according  to  Ortmann,  and  being  identical 
with  Orthostoma)  are  not  always  sharply  defined,  and,  further,  the 

*  According  to  Ortmann  {ZooL  Jahrb,  Syst.^  Vol.  vii,  1893,  P*  43°),  the  Tkel- 
phusida  i^Potamonida)  are  possibly  derived  from  Alenippida — 1./.,  primitive 
Xant hides  (in  Alcock*s  sense).  They  are  primitive  Cychmetopa,  which,  how- 
ever,  in  certain  characteristics,  probably  connected  with  their  habits,  are  more 
highly  and  abnormally  developed,  and  exhibit  (due  to  convergency  ?}  similarities 
to  the  Catometopa. 

Alcock  {Jour,  Asiat,  Soc,  Bengal^  V.  Iviii,  Part  2,  No.  i,  1899,  p.  3)  is  inclined 
to  regard  the  Thelphusida  as  descendants  of  the  Oziina  or  Eriphiinm  (higher 
Xanthida)^  and  takes  them  for  very  highly  specialized  Cyclometopa, 

Both  views  agree  in  that  the  family  Xanthiida  is  supposed  to  be  the  ancestral 
stock  of  these  freshwater  crabs. 
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distinction  of  species  seems  to  be  very  arbitrary  within  these 
genera.  Up  to  the  present,  about  five  or  six  species  of  Tricho- 
daciylus  and  about  fourteen  species  of  Dilocarcinus  have  been  de- 
scribed.    In  the  following  we  shall  discuss  them  all  together. 

The  subfamily  covers  an  area 
that  compris;es  the  larger  south- 
ern half  of  Brazil  (Bahia,  Rio  de 
Janeiro,  Goyaz,  Minas  Geraes, 
S.  Paulo,  Sta.  Catharina,  Rio 
Grande  do  Sul).  It  is  found  in 
Paraguay,  and  in  the  Argentin- 
ian provinces :  Missiones,  Chaco 
and  near  La  Plata  (Ensenada).* 
Further,  species  of  Trichodacty- 
lincB  are  very  abundant  in  the 
Cordilleras,  in  the  region  of  the 
headwaters  of  the  Amazonas 
river,  namely,  in  Bolivia  (pro- 
vince Beni,  Yocuma  river,  be- 
longing to  the  upper  Madeira),  in 


Fig.  4.  Distribution  of  the   Crabs 
of  the  subfamily  Trichodactylina. 


Peru  (rivers  Ucayali,  Huallaga),  and  in  the  Marafton  at  Nauta  and 
Loreto  (Ecuador).'  Since  there  are  also  representatives  known  from 
the  lower  Amazonas  (Island  Marajo),  all  these  localities  named  seem 
to  form  a  continuous  area,  which  extends  from  the  Amazonas 
river  southward  to  La  Plata,  and  from  the  Atlantic  Ocean  westward 
over  Brazil,  Paraguay  and  Argentina  to  Bolivia  and  Peru,  where  it 
reaches  the  eastern  slopes  of  the  Cordilleras.  Apparently  isolated 
from  this  area,  several  species  are  found  in  Guyana,  and,  finally,  one 
s^tc\Q^  (^Trichodactyius  quinquedentatus  Rthb.)  is  known  from  the 
upper  parts  of  the  river  Magdalena  in  Colombia,  and  from  the 
Escondido  river  in  Nicaragua. 

It  is  quite  possible  that  the  isolated  stations  in  Guyana,  Colombia 
and  Nicaragua  will  be  connected  by  subsequent  discoveries 
(Colombia  is  very  near  to  the  localities  of  the  upper  Amazonas), 
and  then  we  would  have  for  this  subfamily  a  continuous  range, 
which  comprises  the  whole  of  South  America  southward  to  La 
Plata,  and  from  the  Atlantic  Ocean  to  the  eastern  slopes  of  the 
Cordilleras,   and   which  extends   in    Central  America   as   far  as 

^  I  haye  received  from  the  La  Plata  Museum  specimens  of  Dilocarcinus 
panoplus  (Mrts.)  from  Ensenada. 
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Nicaragua.  It  is  to  be  remarked  that  none  of  the  localities  is 
situated  in  the  drainage  of  the  Pacific  Ocean,  but  all  are  in  that  of 
the  Atlantic* 

This  distribution  does  not  offer  any  remarkable  facts.  The 
Trichodactylin<B  seem  to  belong  to  the  tropical  parts  of  the 
Atlantic  slope  of  South  America,  and  their  centre  is  somewhere  in 
Brazil;  from  Brazil  they  extend  in  every  direction  until,  in  the 
east  the  Atlantic  Ocean,  in  the  west  the  Cordilleras,  in  the 
south  the  climate  of  Argentina  form  barriers.  To  the  north  the 
most  advanced  station  is  in  Nicaragua ;  here  no  natural  boundary 
(climatic  or  topographic)  is  marked. 

Further  speculations  as  to  the  distribution  of  this  subfamily  do 
not  seem  to  be  very  promising  until  we  are  better  acquainted  with 
the  chorological  facts.  The  whole  appearance  presented  by  the 
distribution  is  a  recent  one ;  probably  it  is  continuous  and,  in 
most  directions,  limited  by  natural  boundaries.  In  this  respect  it 
is  strikingly  distinguished  from  the  other  groups  of  the  family 
PotamonidcR  discussed  above. 

I  have  the  impression  that  the  Trichodactylina  are  not  so  closely 
connected,  systematically,  with  the  other  subfamilies  of  the  Fota- 
monidce  as  was  believed  hitherto.  In  fact,  transitional  forms  to  any 
of  the  other  subfamilies  are  not  known,  and  the  TrichodactylincB 
are  morphologically  isolated  and  sharply  defined.  Moreover,  the 
whole  "habitus"  of  these  crabs  is  so  entirely  different  from  that 
of  the  FotamocarcinincB  that*  it  is  worth  while  to  revise  the  syste- 
matic relations  of  these  groups.  As  I  venture  to  imagine,  it  will 
be  found,  possibly,  that  the  Trichodaciylinct  form  a  group  that  is 
much  more  sharply  isolated,  systematically,  and  that  has  little  to 
do  with  the  family  Fotamonidce.  This  much  is  evident :  according 
to  its  morphologic  isolation,  we  ought  to  expect  that  the  Tricho- 
dactylincB  are  a  comparatively  ancient  group ;  but  this  is  contra- 
dicted by  their  distribution,  which  possesses  a  remarkably  recent 
character. 

These  are  the  reasons  why  we  shall  exclude  the  Trichodaciyitna 
from  our  further  discussions. 

*  This  is  contrary  to  what  we  have  in  the  Potamocarcinina,  which  are  found 
also  on  the  Pacific  slope  in  Ecuador,  and  especially  in  Central  America  and 
Mexico. 
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PART  II.     RECONSTRUCTION  OF  ANCIENT  GEOGRAPHIC  CON- 

DITIONS. 
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Dana,  J.  D.     "  Manual  of  Geology i'  Fourth  Edition,  1 895. 

HiLL,  R.  T.     "The  Cretaceous  Formations  of  Mexico  and  their  Relations  to 


^  Only  the  more  important  papers  are  given  in  the  following  list  Others, 
quoted  only  incidentally,  shall  find  their  place  in  footnotes. 

*  I  quote  only  the  following  two  papers  of  von  Ihering,  although  he  has  pub- 
lished several  more  on  these  and  kindred  subjects.  But  these  two  contain  the 
essence  of  his  theories. 
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North  Amerisan  Geographic  Development"  {Amer.  Joum,  Set.,  Vol.  xlv, 

1893)- 
Hill,  R.  T.    «  The  Geological  History  of  the  Isthmus  of  Panama  and  Portions 

of  Costa  Rica"  (Bu//.  Mus,  Harvard,  Vol.  xxviii,  1898). 
KOKEN,  E.     Die  Vtrwelt  und  ihre  Entwiek lung sgese hie hte,  1 893. 
KossMAT,  F.    "  Die  Bedeutung  der.  suedindischen   Kreideformation  fuer  die 
Beurteilung  der  geographischen   Verhaeltnisse    waehrend  der    spaeteren 
Kreidezeit"  {Jahrb,  k,  k.  GeoL  Reichanst.,  Vol.  xliv,  1895). 
Meddlicott,  H.  B.,  and  Blandford,  W.  T.     A  Manual  0/  the  Geology  0/ 

India,  Vol.  i,  1879. 
Neumayr,  M.     Erdgeschichte,  1 890. 
SuESS,  E.     Das  Antlitt  der  Erde,  VoL  i,  1883-1885  ;  Vol  ii,  1888. 

"Beitraege  zur  Stratigraphie   Central- Asiens "   {Denhschr,    Aiad,    Wiss. 

iVien,Vol.lxi,  1894). 

In  the  following  we  shall  endeavor  to  answer  the  questions: 
IVhal  connections  are  suggested  by  the  distribution  of  the  freshwater 
Decapods,  and  Js  there  any  other  evidence,  in  the  first  place,  of  a 
geological  character  to  support  them  ?  The  solution  of  these  ques- 
tions will  furnish  us  the  key  for  the  reconstruction  of  the  old  geo- 
graphic conditions. 

If  we  recall  the  connections  suggested  by  the  distribution  of  the 
freshwater  Crustaceans,  we  can  collect  them  in  the  following  list : 

1.  Connection  of  northeast  Asia  with  northwest  America  across 
Bering  Sea  (see  pp.  290,  291,  295). 

2.  Connection  of  east  Asia  with  Australia  (see  pp.  295,  305). 

3.  Connection  of  south  Asia  with  Madagascar  and  Africa  (see 

PP-  295,  305 »  306). 

4.  Connection  of  New  Zealand  with  Australia  (see  p.  295). 

5.  Connection   of  Australia    {resp.    New  Zealand^   with  South 
America  (see  p.  295). 

6.  Connection   of  the    West  Indies    with    Central^    resp.    South 
America  (see  pp.  295,  309). 

7.  Connection  of  South  America  with  Africa  (see  p.  310). 
Other  important  questions  arose  out  of  the  distributional  facts, 

which  may  be  classified  under  the  following  heads : 

8.  General  relations  of  North,  Central  and  South  America  (see 

PP-  295»  309)- 

9.  Relations  of  Africa  to  the  rest  of  the  world  (see  pp.  303,  304). 

10.  Relations  of  Europe  to  Asia   (and  Africa)  (see  pp.    291, 

«95>  304). 
We  shall  take  up  these  different  items  in  the  order  here  indi- 
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cated.  But  before  we  do  so,  we  have  to  say  a  few  words  by  way 
of  explanation  and  introduction,  characterizing  the  value  of  the 
study  of  the  freshwater  Decapods  for  these  purposes. 

In  all  the  following  discussions,  the  fundamental  supposition  has 
been  made  that  freshwater  crayfishes,  as  well  as  freshwater  crabs, 
do  not  possess  any  exceptional  means  of  dispersal;  that  is  to  say, 
that  they  are  restricted  to  fresh  water  and  cannot  exist  in  salt  water ; 
that  they  cannot  leave  the  water  for  any  continued  period,  and  con- 
sequently cannot  migrate  over  land  to  any  extent;  and,  finally, 
that  they  do  not  possess  in  any  stage  of  their  life,  and  especially  not 
in  the  egg  or  larval  stage,  any  means  or  devices  which  permit  their 
passive  transport.  We  may  specify  these  three  points  in  the  follow- 
ing way : 

1 .  The  restriction  to  fresh  water  is  not  absolute.  There  are  a  few 
exceptions,  namely : 

Potamobius  pachypus  (Rthk.)  is  found  in  the  Black  and  Caspian  Seas 

in  brackish  and  salt  water. 
Potamobius  trowbridgei  (Stps.)  has  once  been  collected  in  salt  water 

at  Monterey,  California  (Faxon,  1898,  p.  dd^i), 
Cambarus  uhleri  Fax.  is  characteristic  for  the  marshes  of  the  coast 

of  Maryland,  and  lives  in  fresh,  brackish,  and  salt  water. 
Cambarus  montezuma  Sauss.  has  been  found,  in  one  case,  in  a  salt 

lake   in   Mexico  (Lake  Tezcoco,  near  City  of  Mexico;  see 

Faxon,  1885,  p.  123). 
Potamon  fluviatile  var,  ibericum  (Bisb.)  is  found  in  fresh  water  and 

salt  water  of  the  Caspian  Sea  (see  Ortmann,  1897,  p.  302;. 

On  account  of  the  small  number  of  these  cases,  we  have  to  re- 
gard them  as  exceptional,  and  they  are,  no  doubt,  secondary 
adaptations.  In  fact,  none  of  these  species  is  a  true  saltwater 
form,  they  being  always  more  or  less  euryhalin,  and  frequenting 
also  brackish  or  freshwater.  Thus  we  may  say,  generally,  that 
both,  crayfishes  and  crabs^  discussed  here,  are  true  freshwater  am- 
malsy  and  preeminently  so,  and  that  a  migration  across  oceans  or 
parts  of  oceans  is  practically  excluded, 

2.  Being  animals  breathing  by  gills,  crayfishes  and  freshwater 
crabs  cannot  leave  the  water.  This  rule  is  without  exception  with 
the  PotamobiidcR  and  Parastacida  ;  they  may  leave  the  water  for  a 
short  time,  but  a  prolonged  stay  outside  of  it  is  always  fatal.  There 
are  only  a  few  species  in  North  and  South  America,  and  in  Aus- 
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tralia,  burrowing  in  mud,  which  leave  the  water  habitually ;  but 
they  always  have  to  return  to  the  water  to  moisten  their  gills,  and 
their  burrows  end  in  water.  The  forms  most  adapted  to  a  subter- 
restrial  life  are  probably  the  two  species  of  Engoeus  in  Tasmania.  In 
general, /^r  the  crayfishes,  tracts  of  land  without  water  {deserts)  are 
absolute  barriers. 

The  FotamobiidcB  lead  a  rather  amphibic  life  and  leave  the  water, 
in  many  cases,  habitually.  Yet  they  always  depend  on  the  presence 
of  water  and  cannot  go  far  out  of  easy  reach  of  it.  Some  of  the 
species  {Fotamon  fluviatile  in  Persia,  etc.)  live  in  steppes,  where 
there  is  a  scarcity  of  water,  but  here  they  always  are  found  near 
some  kind  of  water  supply.  In  general,  they  also  cannot  exist  in 
deserts. 

3.  As  in  all  other  Decapods,  also  in  crayfishes  and  freshwater 
crabs  the  eggs  are  carried  and  hatched  under  the  abdomen  of  the 
female.  There  is,  as  far  as  we  know,  no  free  metamorphosis  of  the 
young  (known  in  Potamobius,  Cambarus,  Potamon),  and  the  young 
hatch  in  a  stage  similar  to  the  parents.  Thus  there  seems  to  be  no 
means  which  effect,  under  normal  conditions,  an  increased  facility 
of  dispersal  in  an  active  or  passive  way  among  the  young  ones. 
There  may  be,  occasionally,  a  passive  transport  by  other  animals 
(water  fowl),  biit  such  cases  can  only  be  exceptions  and  have  never 
been  observed.  The  whole  character  of  the  distribution  of  the 
different  species  is  against  the  assumption  of  exceptional  means  of 
dispersal 

I.    CONNECTION   OF   NORTHEAST  ASIA  WITH    NORTHWEST  AMERICA  BY 
WAY   OF   BERING  SEA. 

A  connection  of  northeast  Asia  with  northwest  America  is  pos- 
tulated, as  we  have  seen  above,  by  the  presence  of  Potamobiidce  in 
the  region  of  the  Amur  river,  Korea,  and  north  Japan  on  the 
one  side,  and  in  western  North  America  on  the  other ;  the  direc- 
tion of  this  connection  is  indicated  by  the  presence  of  Potamobius 
nigrescens  (Stps.)  in  Unalaska. 

This  connection  is  mentioned  by  Jacobi  (1900)  under  his 
**  regions  of  dispersal  "  ("  Ausbreitungsgebiete"),  and  is  called 
by  the  name  of  **  Berings-Strassen-Ausbreitungsgebiet."  This  is 
well  known  among  zoogeographers.  In  fact,  for  an  explanation  of 
the  very  peculiar  conditions  of  distribution  of  many  animals  of  the 
northern   hemisphere,  a  former  connection  of  the  northern  land 
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masses  of  the  Old  and  New  Worlds  is  absolutely  necessary,  and  the 
similarity  of  the  land  faunas  of  both  parts,  which  is  not  explained 
by  the  present  conditions,  is  so  strong  that  these  regions  (northern 
Eurasia  and  North  America)  have  been  united  by  certain  authors 
into  one  zoogeographical  region,  the  Holarctic.  As  to  the  location 
of  this  connection,  two  ways  are  possible :  either  from  Siberia  to 
Alaska,  or  from  Labrador  over  Greenland  to  Scandinavia.  The 
latter  connection,  which  has  been  discussed,  from  a  geological 
standpoint,  chiefly  by  Suess  and  Neumayr  (for  older  times,  Meso- 
zoic  and  Tertiary),  and,  from  a  zoogeographical  view  by  Scharff 
(for  the  Pleistocene),  may  be  disregarded  for  our  present  purpose  ; 
there  is  no  indication  for  its  existence  among  the  crayfishes.  But 
the  latter  support  strongly,  as  has  been  said,  the  other  connection 
over  Bering  Strait. 

Viewed  from  the  tectonic  side,  this  connection  is  quite  possible. 
The  old  rocks  of  northeast  Asia  are  continued  into  northeastern 
Siberia  (east  of  the  rivers  Lena  and  Aldan)  to  the  river  Kolyma, ' 
and  farther,  toward  the  Arctic  Ocean  and  Bering  Sea,  and  similar 
rocks  are  found  in  Alaska;  and  further,  the  chain  of  the  Aleutian 
Islands  is,  according  to  Suess,  another  proof  for  the  tectonic  unity 
of  the  lands  east  and  west  of  Bering  Sea. 

As  regards  the  time  of  existence  of  this  land  bridge,  we  have  to 
assume  it  during  almost  the  whole  of  the  Tertiary  period.  Osborn 
(1900)  takes  its  existence  for  granted  and  demonstrates  (p.  568) 
that  during  Eocene,  Miocene  and  upward  to  the  Pliocene,  a  regu- 
lar exchange  of  the  faunas  of  Eurasia  and  North  America  took 
place.  In  the  older  Pleistocene  (p.  571)  this  connection  still 
existed,  but  was  interrupted  in  the  middle  Pleistocene  (p.  572). 

If  we  put  the  question,  whether  and  how  far  this  land  bridge  goes 
back  in  Pretertiary  times,  we  have  to  consult  first  Neumayr's  opin- 
ion as  to  the  distribution  of  the  Jurassic  oceans  and  continents 
(1890,  map,  p.  336).  It  is  true,  in  Siberia,  deposits  of  Lower 
Jurassic  age  are  not  known,  and  possibly  Siberia  was  land  during 
this  time '.     There  are  found  here,  however,  deposits  belonging  to 

»Sce  Tscherski,  Sap.  Akad.  St,  F^Ursb.^  Vol.  73,  Append.  5,  1893  (Russian)  ; 
Review  in  N.  Jahrb,  Mineral.^  etc..  1896,  Vol.  2,  p.  318. 

*  Land  and  freshwater  deposits  of  Jurassic  age  are  largely  distributed  in  Sibe- 
ria as  coal-bearing  strata.  Compare  the  geological  investigations  connected 
with  the  great  Siberian  railroad,  by  Obrutchew,  Gerassimow,  Gedroiz,  Jawor- 
owksy.    Reviews  in  N,  Jahrb.  Mineral. ^  1899,  Vol.,  2,  p.  Iii>ii6. 
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the  Upper  Jurassic  (Neumayr,  1890,  p.  329),  which  reach  the 
Pacific  Ocean.  Beds  of  the  same  age  are  known  on  the  Aleutian 
Islands  and  in  Alaska.  These  deposits  exhibit  a  peculiar  character, 
which  has  been  called  the  boreal  or  arctic  type,  and  in  this  respect 
the  Jurassic  beds  of  the  western  coast  of  North  America  are  very 
important,  since  they  agree  with  the  boreal  type.  Neumayr  con- 
cluded from  this  that  the  Upper  Jurassic  Polar  Sea  sent  an  exten- 
sion southward  along  the  western  coast  of  North  America  into  the 
North  Pacific,  and  its  fauna  also  extends  in  this  direction ;  by  this 
extension  of  the  Polar  Sea,  east  Asia  was  separated  from  North 
America.     Consequently  there  was  no  land  bridge.* 

These  conditions  of  Upper  Jurassic  times  continued,  according 
to  Neumayr,  into  the  Lower  Cretaceous ;  the  Wolga-stage,  with  its 
characteristic  Aucella-beds,  belongs  in  part  to  the  Lower  Cretace- 
ous, and  the  Polar  basin  was  also  in  the  beginning  of  the  Creta- 
ceous in  open  communication  with  the  northern  Pacific.  This  is 
represented  in  Koken's  map  (1893,  pi.  i),  although  Asia  and 
North  America  approach  each  other  considerably.  This  same 
map,  however,  expresses,  for  the  Upper  Cretaceous,  a  separation  of 
the  Polar  Sea  from  the  Pacific,  and  this  land  connection  between 
Asia  and  North  America  is  preserved  in  Koken's  map  for  the  older 
Tertiary  (/.  ^.,  pi.  2).  The  evidence  for  this  disconnection  of  the 
oceans  in  the  Upper  Cretaceous  time  is  given  by  Neumayr  (1890, 
p.  389-391)  ;  palaeontologically,  we  can  trace  a  continuous  Upper 
Cretaceous  ocean,  including  the  northern  Pacific  from  California 
to  Japan,  which  was  connected  with  south  India.  This  province 
differs  strikingly  from  the  American-European  (Atlantic)  province ; 
the  Polar  Sea  was  much  reduced  in  size,  and,  to  all  appearances, 
Siberia  was  largely  dry  land  and  was  connected  with  North 
America. 

Thus  there  is  some  evidence  of  the  existence  of  a  land  connec- 
tion between  Siberia  and  Alaska,  beginning  at  about  the  middle  of 
the  Cretaceous  period,  and  continuing  up  to  the  end  of  the  Ter- 
tiary. Whether  this  connection  was  continuous  in  time,  or  inter- 
rupted at  certain  periods,  is  hard  to  decide ;  at  all  events,  it  was 
of  such  a  character  that  an  easy  and  free  communication  was  pos- 
sible between  the  respective  parts,  and  this  is  expressed  very  dis- 
tinctly in  the  faunas  of  the  northern   land  masses,  although  the 

1  This  Jurassic  ocean  forms  apparently  the  conlinuation  of  the  old  Triassic 
basin,  comprising  the  Pacific  and  Arctic  Oceans  (see  Neumayr,  p.  266). 
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geological  evidence  is  very  slender  on  account  of  our  defective 
knowledge  of  the  Beringian  countries. 

For  our  present  purposes,  this  has  the  following  meaning.  The 
PotamobiidcR  of  eastern  Asia,  the  remnants  of  which  are  known  as 
thfe  subgenus  Cambaroides,  had  easy  access  to  northwestern  America 
by  way  of  the  Beringian  connection,  from  the  beginning  of  the  Upper 
Cretaceous  to  the  end  of  the  Tertiary.  Since  Cambaroides  is  to  be 
taken,  as  we  have  seen  above  (p.  288),  for  the  more  primitive  group, 
the  migration  must  have  been  in  an  easterly  direction.  It  cannot 
have  taken  place  in  recent  times,  since  this  way  is  now  rendered 
impossible,  and  just  this  recent  (or  Pleistocene)  interruption  (prob- 
ably connected  with  a  change  of  climate)  has  separated  the  Asiatic 
and  American  range  of  Poiamobius.  Before  the  middle  of  the 
Cretaceous  it  was  also  impossible  for  the  crayfishes  to  pass  along 
this  line,  since  then  this  connection  was  not  yet  formed,  and  thus 
we  obtain  a  very  important  lower  limit  for  this  process  in  the  dis- 
persal of  the  Potamobiida  about  the  middle  of  the  Cretaceous  period. 
Consequently,  the  Potamobiidce  may  go  back,  in  their  geological 
history,  at  least  as  far  as  this  time.  We  shall  see  later  that  we  are 
able  to  define  also  an  upper  limit  for  the  time  of  immigration  into 
North  America. 

2.   CONNKCTION  OF   EASTERN   ASIA   AND   AUSTRALIA. 

Another  geographic  postulate  of  the  distribution  of  the  Potamo- 
biidce and  Parastacidce  is  the  connection  of  east  Asia,  the  region 
of  Cambaroides,  with  Australia,  the  main  region  of  the  family 
Parastacidce.  This  same  connection,  from  Farther  India  and  south 
China  over  the  east  Asiatic  islands  to  north  Australia,  is  suggested 
by  thtf  distribution  of  the  subfamily  of  the  Potamonince, 

Other  zoogeographical  facts  point  the  same  way.  Pilsbry  (1894, 
p.  xlv)  says  that  eastern  Asia  and  China,  southward  to  Australia, 
constitutes  a  great  division  in  Helix  distribution,  and  many  other 
writers  have  emphasized  the  clbse  affinity  of  the  fauna  of  Australia 
to  that  of  southeastern  Asia,  although  this  is  true  only  for  certain 
groups  of  animals.  The  opposite  opinion,  which  generally  pre- 
vails, that  Australia  is  sharply  isolated  from  the  rest  of  the  ^orld 
in  its  faunal  relations,  is  founded  chiefly  on  the  highest  forms  of  life, 
the  Mammals.  Other  groups  of  animals,  which  permit  us  to  draw 
conclusions  in  this  respect,  indicate  clearly  that  a  large  part  of  the 
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Australian  fauna  is  derived  from  Asia  (see  von  Ihering,  1894,  p. 
406,  and  Hedley,  1899). 

This  connection  between  east  Asia  and  Australia  (Sino-Austra- 
lian)  is  not  well  expressed  in  Jacobi's  scheme.  The  apparent 
reason  for  this  is  that  Jacobi  considered  chiefly  those  groups  pf 
animals  (Mammals,  Birds)  which  do  not  bear  upon  this  question. 
Nevertheless,  some  of  his  "regions  of  dispersal  "  come  under  this 
head,  namely,  the  ninth,  tenth,  eleventh  and  twelfth  (Papuan,  Far- 
ther Indian,  Philippine,  southern  Japanese  ;  see  Jacobi,  1900, 
pp.  208-210),  and  discussing  the  Papuan,  he  directly  mentions  the 
Oriental  origin  of  certain  elements  of  it,  thus  indicating  its  rela- 
tion to  southeastern  Asia. 

Studying  the  tectonic  configuration  of  the  repective  parts,  we  are 
to  remember  that  Australia  belongs  to  the  old,  Palaeozoic  Gond- 
wana  land  of  Suess  (1888,  p.  317  ff.),  which  also  comprised  Africa 
and  India.  But  we  cannot  refer  to  this  old  connection  of  Austra- 
lia with  India,  since  India  in  turn  was  not  then  united  with  the  rest 
of  Asia,  and  since  this  connection  was  destroyed  in  very  early 
times,  possibly  in  Palaeozoic.  For  a  tectonic  connection  of  Aus- 
tralia and  eastern  Asia  (excluding  India)  we  have  only  evidence  to 
the  contrary. 

On  the  other  side,  the  eastern  parts  of  present  Asia,  especially 
China,  northeastern  Siberia,  and  Farther  India,  form  a  more  or  less 
complete  tectonic  unit.  Suess  (1888,  pp.  206-242)  has  shown  that 
this  whole  region  consists  largely  of  old  archaic  and  palaeozoic 
rocks,  which  form,  in  northern  China,  an  old  continental  mass,  in 
the  south  a  series  of  folded  mountain  ranges  (p.  287),  which  con- 
tinue into  the  mountains  of  Tonkin  and  Anam  as  far  as  the  mouth 
of  the  river  Mekong.  In  this  whole  region  no  Mesozoic  deposits 
(with  the  exception  of  Rhoetic  beds  in  Tonkin)  are  known.  Ac- 
cording to  Koken,!  a  Triassic  ocean  extended  from  the  region  of 
the  Himalaya  mountains  and  Central  Asia  to  the  shores  of  the 
present  Pacific,  covering  a  large  part  of  China.  The  latter  may 
have  been  land  before  Rhaetic  times ;  but  at  present  we  have  only 
evidence  that  it  was  surely  land  in  the  Jurassic  period.* 

^  Neues  Jahrb.  f.  Mineral.^  etc.,  1900,  Vol.  i,  p.  196. 

'See  Loczy,  L.  von,  Wissemchaftliche  Ergebnisse  der  Reise  dis  Graf  en 
Bela  Stechenyi  in  Ostasien^  Vol.  3,  1899;  the  Central-Chinese  sea  (south  of  the 
Kuen-Lun  mountains)  disappeared  at  the  end  of  Triassic  and  in  Jurassic  times. 
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Thus  it  is  clear  that  we  may  assume  the  existence  of  this  conti- 
nent, the  Sinic,  from  the  Jurassic  upward. 

Further,  according  to  Suess,  the  chains  of  islands  accompanying 
this  old  continent  on  its  southern  and  eastern  sides  are  tectonically 
connected  with  the  latter.  One  of  them  is  formed  by  the  moun- 
tain ranges  which  form  the  Japanese  and  Philippine  Islands,  con- 
sisting of  old  rocks,  and,  in  the  south,  we  can  trace  a  similar  chain 
(Suess,  1885,  PP-  579-588)>  which  begins  with  the  Burmese  ranges, 
and  extends  over  Malakka,  Sumatra,  Java  eastward,  possibly  as  far 
as  New  Guinea. 

Thus,  nothing  in  the  tectonic  configuration  is  opposed  to  the 
theory  that  at  least  a  large  part  of  the  Indo-Malaysian  islands  belongs 
to  the  continent.  But  this  does  not  give  us  any  proof  for  an  actual 
former  connection  of  these  islands  with  the  Sinic  continent.  This 
can  only  be  decided  by  geological  investigation  of  the  respective 
parts.  Unfortunately,  our  knowledge  in  this  respect  is  very 
scanty. 

Neumayr  (1890)  constructs  in  his  map,  mentioned  above,  an  old 
Jurassic  continent,  the  Sino- Australian j  which,  with  reference  to 
eastern  Asia,  is  well  supported,  and  the  Australian  part  of  which 
is  also  established  by  the  fact  that  large  parts  of  Australia  possess 
a  very  old  age  (Gondwana  land).  The  connection  of  both  goes 
over  the  present  Indo-Malaysian  Archipelago,  and,  according  to 
the  map,  this  region  was  largely  land  during  Jurassic  times. 
Further  (Neumayr,  1890,  p.  419),  Australia  became  separated  from 
Asia  and  the  rest  of  the  world  before  the  end  of  the  Mesozoic  time, 
that  is  to  say,  probably  in  the  Cretaceous.  This  same  idea  is  ex- 
pressed by  Koken  (1893)  ^^  ^*s  map  of  the  distribution  of  land  in 
the  latter  period.  Here  we  see  that  Asia  and  Australia  were  dis- 
connected during  the  Lower  as  well  as  the  Upper  Cretaceous,  but 
Australia  comprises  parts  of  New  Guinea  and  the  Sunda  Islands  as 
far  as  Java,  Borneo  and  the  Philippine  Islands.  In  the  older  Ter- 
tiary, Koken  includes  Farther  India  into  Asia,  but  then  follows  an 
archipelago  and  Australia  remains  isolated. 

This  wide  connection,  drawn  by  Neumayr  between  Asia  and 
Australia  during  the  Jurassic  period,  does  not  seem  to  be  well  sup- 
ported, since  marine  Jurassic  deposits  have  been  discovered  in  the 
region  of  the  Malaysian  islands.*     On  the  other  hand,  it  is  settled 

'  In  Borneo,  according  to  Krause  and  Vogcl  (^Samml,  geoL  Reichsmus,  Ley^ 
den,  VoL  5,  1897).     The  so-called  *<  old  slates  "  of  Borneo  are  said  to  belong  to 
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that  a  number  of  these  islands  possess  very  old,  possibly  Archaic 
rocks,  which  are  overlaid  directly  by  Tertiary  beds,  thus  giving 
evidence  of  an  intervening  extended  land  period,  during  which 
no  sedimentation  took  place.  This  has  been  demonstrated  for  the 
Philippine  Islands,  where  an  Eocene,  Miocene  and  Pliocene  series 
follows  on  top  of  old  crystalline  schists.*  Similar  conditions  are 
said  to  prevail  in  Java  (Martin).  This,  however,  seems  to  be 
doubtful,  since  Verbeck  and  Fennema,'  although  they  do  not  posi- 
tively deny  the  possibility  of  the  existence  of  Archaic  rocks,  pro- 
nounce the  schists  of  Java  Cretaceous,  upon  which,  unconformably, 
Eocene  and  younger  Tertiary  beds  are  deposited.  Archaic  rocks 
are  found  in  the  Island  of  Amboina,  where  they  are  overlaid  by 
Tertiary  and  Quarternary  coral  limestones.  Between  both  there 
are,  locally,  older  sediments  of  undetermined  age.* 

Aside  from  the  supposed  Cretaceous  schists  in  Java,  we  know  of 
beds  of  this  period  in  Borneo,  and,  according  to  Kossmat  (1895, 
p.  469  f.),  only  such  that  belong  to  the  Upper  Cretaceous,  corre- 
sponding to  the  Ariyalur  group  (Senonian)  of  India.  This  fact  is 
the  more  important,  since,  as  Kossmat  points  out,  it  demonstrates 
that  the  Upper  Cretaceous  of  southern  India  can  be  traced  over 
Assam  and  Borneo  to  Japan  and  the  Island  of  Sachalin  (and  thence 
to  the  western  coast  of  North  America).  This  indicates  a  contin- 
uity of  the  oceans  in  this  direction,  and  consequently  Australia  and 
Asia  must  have  been  disconnected  in  the  Upper  Cretaceous, 

From  the  foregoing,  the  conclusion  may  be  drawn,  that  the 
geology  of  the  Indo-Malaysian  Archipelago  is  100  scantily  known  to 
form  an  adequate  idea  of  the  former  connection  of  Australia  and 
Asia.  This  much,  however,  is  settled,  that  large  parts  of  this 
archipelago  were  once  land,  and  the  single  islands  were  in  many 
cases  connected  with  one  another.  Verbeck  (/.^.)  has  shown  that 
of  the  Island  of  Java,  in  Miocene  time  (that  is  to  say,  very  late),  only 
the  western  part  existed  as  a  unit,  and  that  it  was  continued  east- 
ward by  a  series  of  small  islands.     At  the  end  of  the  Tertiary  these 

the  Lias  (Martin,  idiJ.y  Vol.  5,   1898;   see  also  Molengraaff,  G.  A.  F.,  Geoh- 
gische  Verkennigstochten  in  Central  Borneo ^  1900). 
» Martin,  ibid..  Vol.  5.  1896. 

2  Geologiske  beschryving  von  Java  en  Madera ,  1 897.  See  also  Verbeck,  id 
Peter manns  geograph,  Mitteil.,  1898. 

3  Martin,  K.,  Reisen  in  den  Molukken,  in  Ambon,  aen  Uliassern,  Seran  und 
Buru.  Geolog.,  Teil  i,  Leyden,  1897. 
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islands  became  connected,  and  the  whole  was  united  with  the  conti- 
nent of  Asia ;  subsequently,  a  new  (Quarternary)  subsidence  took 
place.  According  to  Weber/  Celebes  was  connected  in  early  times 
(beginning  of  the  Tertiary  ?)  with  eastern  Asia,  but  was  separated 
later  and  dissolved  into  smaller  islands,  and  assumed  its  present 
form  at  the  end  of  the  Tertiary.  If  changes  of  this  character  took 
place  during  the  comparatively  short  Tertiary  period,  we  are  to 
expect,  in  Pretertiary  times,  much  more  varied  conditions,  and  it  is 
by  no  means  impossible  that  the  different  islands,  of  which  certain 
parts  (for  instance  central  Borneo)  were  never  submerged  after  the 
beginning  of  the  Mesozoic  era,  were  variously  and  repeatedly  con- 
nected with  each  other  and  the  Asiatic  mainland.*  Such  changing 
conditions  existed  probably  during  the  whole  of  the  Mesozoic  time, 
and  it  seems,  on  account  of  the  scarcity  of  Jurassic  deposits,  that 
during  the  Jurassic  period  land-conditions  prevailed,  although  the 
land  may  not  have  had  the  extent  assumed  by  Neumayr.  It  may 
have  been  similar  during  the  Cretaceous  period,  but  it  seems  that 
the  land  bridge  began  to  dissolve  ;  at  least,  in  the  Upper  Cretace- 
ous, we  have  positive  indications  that  the  connection  between  Asia 
and  Australia  was  interrupted.  This  bridge  probably  was  never 
again  completely  restored  ;  the  single  parts  of  it,  however,  were 
not  stationary  in  Tertiary  times,  and  communicated  with  each  other 
in  various  directions.  These  changing  conditions  are  noticeable  as 
far  as  New  Guinea,  and,  as  regards  the  latter  island,  we  know 
through  Haddon,  Sollas  and  Cole,*  that  it  is  closely  connected, 
tectonically,  with  Queensland.  The  archaic  and  palaeozoic  rocks 
of  the  "Australian  Cordilleras"  continue  across  the  islands  of 
Torres  Straits  into  the  southern  part  of  New  Guinea,  which  belongs 
undoubtedly  to  Queensland,  and  was  separated  from  it  at  a  very 
recent  period.  On  the  other  side,  the  larger  Sunda  Islands 
(Sumatra,  Java,  Borneo)  must  have  also  been  united  with  the 
Asiatic  mainland  in  very  recent  time,  as  is  positively  shown  by 
their  fauna  of  higher  land  animals. 

» Webcr,  M.,  Zool,  Ergebn.  Reise  Niederlaend,  Ostlndien^  Vol.  2,  1892  ; 
Vol.  3,  1894. 

*  According  to  Molengraaff  [Geoiogische  Verkennittgstochten  in  Central 
Bame^f  1900),  Borneo  was  submerged  in  Precretaceous  times,  but  part  of  it  was 
land  in  the  Middle  Cretaceous.  At  the  end  of  the  Cretaceous  a  subsidence  took 
place,  then  again  an  elevation.  The  different  parts  of  Borneo  were  subject  in 
various  degrees  to  these  changes,  which  continued  through  the  Tertiary. 

»  Trans,  Ji.  Irish  Acad,,  Vol.  30,  1894. 
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If  the  first  sharp  separation  of  Australia  and  Asia  belongs  to  the 
Upper  Cretaceous^  it  is  consequent,  for  the  Parasiacidm  and 
Fotamobiida,  that  their  area  of  distribution,  which  before  the 
beginning  of  the  Upper  Cretaceous  extended  over  the  Sino-Austra- 
lian  continent,  was  cut  in  two  ;  of  course,  the  ancestral  forms  occu- 
pying this  old  continent  could  not  possibly  have  been  divided  into 
these  two  families,  and  their  differentiation  was  directly  connected 
with  this  separation  of  the  geographic  range.  After  that,  there 
was  a  chance  for  either  family  to  develop,  since  there  was  no  longer 
communication  between  the  Asiatic  and  the  Australian  stock.  This 
forces  us  to  the  conclusion  thai  the  ancestors  of  these  two  families 
must  have  existed  before  the  beginning  of  the  Upper  Cretaceous  timcy 
and  that  during  the  Upper  Cretaceous  the  division  into  Potamobiidct 
and  Parastacidce  took  place.  It  is  impossible  to  place  the  origin  of 
these  families  at  a  later  period,  since,  as  we  shall  see  below,  any 
crayfishes  of  late  Mesozoic  or  early  Tertiary  age,  in  any  part  of  the 
world,  belong  either  to  the  one  or  the  other  family.  Although 
there  was  at  least  a  partial  connection  of  Asia  and  Australia  in  Ter- 
tiary times,  the  two  families  never  came  into  contact  again :  with 
the  cause  of  this  remarkable  fact  we  shall  become  acquainted 
below. 

With  reference  to  the  Potamonince^  their  distribution  over  the 
Indo-Malaysian  Archipelago  is  only  partly  explained  by  the 
assumption  of  a  former  continuous  land  bridge.  The  distribution 
of  the  freshwater  crabs  is  by  no  means  simple,  and  does  not  extend 
uniformly  from  eastern  Asia  to  Australia,  but  there  are  numerous 
complications  and  peculiarities.  In  the  first  line,  we  have  to 
emphasize  the  fact  that  only  a  single  group,  which  is  apparently 
highly  specialized,  the  subgenus  Geothelphusa^  reaches  the  conti- 
nent of  Australia,  and  that  this  group  (in  its  typical  forms)  is 
restricted  to  the  Indo-Malaysian  islands,  and  is  wanting  on  the 
Asiatic  continent.  This  is  the  more  remarkable,  since  this  group  is 
most  abundant  just  on  the  large  islands  of  Sumatra,  Java,  Borneo, 
and  extends  northward  over  the  Philippine  and  Loo  Choo  Islands 
to  Japan.  On  the  other  hand,  we  have  seen  that  the  typical  species 
of  the  genus  Potamon  (subgenus  Potamon)^  which  are  found  in  both 
India  and  China,  reappear  in  very  closely  allied  forms  in  Java, 
Sumatra  and  the  Philippines,  but  do  not  pass  farther  to  the  East. 
Then  again,  the  subgenus  Potamonautes  possesses  scattered  stations 
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(probably  strongly  discontinuous)  as  far  as  New  Guinea,  and  the 
same  is  the  case  in  the  genus  Parathelphusa, 

For  the  present,  these  very  strange  conditions  defy  explanation, 
and  especially  the  eastern  boundary  of  Potamen  (sens,  strict.)  and 
the  western  boundary  of  Geothelphusa  are  puzzling.  But  this  much 
we  may  say,  that  the  distribution  of  the  Potamonina  over  the  Indo- 
Malaysian  Archipelago  is  apparently  due  to  the  varying  relations  of 
the  different  islands  between  themselves  and  to  the  continents  dur- 
ing the  Tertiary  period,  and  that  it  furnishes  additional  proof  for 
the  complexity  of  the  changes  that  took  place  during  this  time  in 
this  region. 

Another  fact  is  to  be  especially  mentioned.  Among  the  Pota- 
monifKB  we  do  not  have  such  a  sharp  separation  of  Australian  and 
Asiatic  types  as  we  have  found  among  the  crayfishes ;  on  the  con- 
trary, the  species  of  Geothelphusa,  found  in  northern  and  eastern 
Australia,  are  all  closely  related  to  those  found  in  New  Guinea  and 
on  th^  other  islands.  Also  the  different  forms  of  Poiamon  (sens, 
strict.),  found  in  Java  and  Sumatra,  are  very  closely  allied  to  con- 
tinental species.  All  this  points  to  the  conclusion  that  the  separa- 
tion of  the  respective  parts  from  each  other,  which  brought  about 
the  present  conditions,  must  be  of  comparatively  recent  date,  and 
that  at  a  time  not  very  far  remote  from  the  present  the  distri- 
bution of  land  and  water  in  this  archipelago  must  have  been  con- 
siderably different  from  what  it  is  now.  Thus  it  seems  that  the 
causes  of  the  distribution  of  the  Poiamonina  in  the  Indo- Malaysian 
Archipelago  are  to  be  sought  for  in  later  times,  presumably  in  the 
Tertiary,  and  that  during  this  period,  and  possibly  up  to  a  very 
recent  time,  conditions  prevailed  here  which — although  they  may 
not  have  amounted  to  a  continuous  land  bridge — constituted  a  cer- 
tain unstable  connection  between  Asia  and  Australia.  Probably 
there  was  a  maze  of  larger  and  smaller  islands,  channels,  straits  and 
the  like,  which  was  not  permanent  in  its  parts,  and  changed 
repeatedly.* 

Our  final  result  on  this  question  would  be  the  following:  South- 
eastern Asia  was  connected  with  Australia  in  the  Jurassic,  and 
probably  also  at  the  beginning  of  the  Cretaceous  period.     In  the 

*  According  to  von  Ihering  (1894,  p.  406),  Australia  was  connected  with  Asia 
during  the  Eocene  and  Oligocene.  Hedley  (1899)  connects  New  Guinea  with 
Australia  in  the  later  Tertiary ;  but  a  similar  connection  existed  also  in  the 
Eocene,  and  through  the  latter  Oriental  elements  were  brought  to  New  Guinea. 
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Upper  Cretaceous,  a  sharp  separation  between  both  continents  was 
formed,  which  continued  possibly  up  to  the  Eocene.  Then  the 
connection  was,  at  least  partially,  reestablished,  but  it  was  of  a  very 
changing  character,  which  is  expressed  by  the  great  complexity  in 
animal  distribution.  These  changing  and  unstable  conditions  pre- 
vailed all  through  the  Tertiary,  and  up  to  the  present  time,  and  it 
is  hard  to  trace  them  under  the  present  imperfect  state  of  our 
knowledge  of  the  geology  of  the  respective  parts. 

The  Upper  Cretaceous  separation  of  Asia  and  Australia  is 
expressed  in  the  distribution  of  the  Potamobiida  and  Parastacida: 
the  formerly  continuous  area  of  their  ancestors,  which  comprised  in 
the  Lower  Cretaceous  the  Sino-Australian  continent,  was  divided, 
about  the  middle  of  the  Cretaceous,  in  a  northern  (East  Asia- 
PotamobiidiB)  and  a  southern  {hyx^XxdXxdL-ParastacidcB)  part.  The 
varying  conditions  of  the  Tertiary  are  expressed  in  the  distribution 
of  the  Potamonina  ;  the  details,  however,  cannot  be  made  out,  and 
further  study  of  the  freshwater  crabs  of  these  regions,  as  well  as  a 
more  thorough  study  of  the  geology  of  these  parts,  is  very  desirable. 

3.    CONNECTION   OF   AFRICA   AND    INDIA. 

The  occurrence  of  crayfishes  (genus  Astacoides)  in  Madagascar 
has  led  us,  as  we  have  seen  above  (p.  295),  to  the  assumption  that 
there  once  existed  a  connection  of  this  island  with  southern  Asia 
(respectively  with  the  Sino-Australian  continent).  The  same  con- 
nection is  suggested  by  the  distribution  of  the  Poiamonina^  of 
which  the  subgenus  Potamonauies  is  found  in  Africa  as  well  as 
India.  The  Madagassian  forms  of  the  Potamonina  (see  above,  p.  301 ) 
indicate  a  relation  of  this  island  to  Africa,  while  a  closer  connec- 
tion with  India  is  not  so  striking.  A  genetic  connection  of  the 
ranges  of  this  subfamily  in  Africa  and  India  by  way  of  the  Nile 
valley  and  Syria  is  improbable,  although,  geographically,  this  con- 
nection actually  exists ;  this,  however,  is  apparently  due  to  second- 
ary migrations,  different  branches  of  the  subfamily,  coming  from 
India  and  Central  Africa  respectively,  meeting  in  lower  Egypt. 

Thus  we  have  to  regard  Madagascar  as  a  stepping-stone  between 
Africa  and  India,  and,  with  reference  to  the  Potamonina^  its  rela- 
tion to  Africa  is  closer  than  that  to  India. 

This  supposed  connection  is  well  known  in  zoogeography  under 
the  name  of  the  Lemurian  continent.  Jacobi  (1900,  p.  169  flf.) 
quite  recently  has  doubted  this  Lemuria-hypothesis,  although  he 
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introduces  among  his  regions  of  dispersal,  as  a  seventh,  an  Indo- 
African,  which  occupies  this  geographic  position.  He  believes, 
however,  that  it  is  not  correct  to  explain  certain  similarities  of  the 
faunas  of  India  and  Madagascar  by  a  land-bridge,  but  prefers  to 
accept  the  existence  of  a  chain  of  islands,  which  permitted,  in  later 
Tertiary  times,  a  migration  of  animals  possessing  the  power  of 
flight  (Birds,  Bats)  in  this  direction.  On  the  other  hand,  he  grants 
a  connection  of  Madagascar  with  Africa  upward  to  the  Miocene. 

Jacobi's  assumption  of  a  series  of  islands  instead  of  a  continental 
connection  from  Madagascar  to  India  seems  to  be  well  founded 
only  for  this  particular  time,  the  younger  Tertiary.  But  the  simi- 
larity of  both  faunas  has  apparently  been  underestimated  by  him, 
even  if  he  takes  into  consideration  only  Mammals  and  Birds,  and 
there  are  no  doubt  numerous  relations  between  both  parts  among 
other  animals  not  possessing  the  power  of  flight.  This  fact  has 
been  urged  by  Pilsbry  (1894,  p.  xlv)  for  the  Helices^  and  he  says  that 
Madagascar  is  much  more  closely  allied  to  Ceylon  and  Australia 
than  to  South  Africa.^  The  present  cases  offered  by  the  genus 
Astacoides  and  within  the  family  of  the  Potamonida  are  also  very 
important  for  this  question,  since  the  idea  of  a  migration  of  these 
forms  over  a  chain  of  islands  and  across  parts  of  the  ocean  is 
entirely  out  of  question.  Thus  it  seems  that  we  have  to  assume  a 
<:ontinental  connection — if  not  during  the  later  Tertiary — in  earlier 
times. 

The  parts  under  discussion  belong  to  the  old  Gondwana-land, 
which,  according  to  Suess,  existed  in  Palaeozoic  times,  and  was  par- 
tially destroyed  in  the  same  period  through  the  disconnection  of 
Australia  from  it.  Africa,  however,  remained  intact,  and  formed 
an  ancient  table-land,  to  which  was  added  as  a  peninsula  the 
Lemurian  bridge,  which  extended  from  Madagascar  to  India,  and 
traces  of  which  are  preserved  up  to  the  Eocene  (Suess,  1885, 
p.  538).  This  same  peninsula  is  accepted  by  Neumayr  for  the 
Jurassic  period,  and  is  represented  in  his  map  ;  it  is  separated  from 
the  main  part  of  Africa  by  a  great  gulf  extending  southward,  the 
Ethiopian  Mediterranean  Sea^  includes  the  present  peninsula  of 
India,  and  is  not  connected  with  the  Sino-Australian  continent,  the 
Indian  Gulf  and  the  Strait  of  Bengal  forming  its  northeastern 
shores.  According  to  Neumayr  (1890,  p.  390),  this  Indo-Mada- 
gassian  peninsula  existed  up  to  the  end  of  the  Cretaceous,  and  even 

^  In  part,  this  may  ht  due  to  old-Mesozoic,  and  even  Palseozoic  geography. 
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to  the  beginning  of  the  Tertiary,  but  was  destroyed  in  the  older 
Tertiary  (/.^.,  p.  397). 

The  same  view  is  expressed  by  Koken  :  for  the  Lower  and  Upper 
Cretaceous  he  gives  to  this  peninsula  about  the  same  shape  it  had  in 
the  Jurassic  (Neumayr),  and  in  the  older  Tertiary  he  draws — 
instead  of  this  continuous  land-bridge — a  chain  of  islands. 

There  are  not  many  cases  where  we  possess  such  ample  evidence 
for  the  former  existence  of  a  land  mass  that  has  now  disappeared, 
at  least  as  regards  such  a  remote  epoch.  The  chief  arguments  for 
this  land-bridge  are  taken  from  the  character  of  the  marine  deposits 
found  at  the  supposed  southeast  and  northwest  sides  of  this  penin- 
sula, and  they  are  especially  convincing  for  the  Cretaceous  period. 
The  South-Indian  Cretaceous,  as  it  is  found  typically  in  the  neigh- 
borhood of  Pondichery,  is  known  similarly  developed  in  Madagas- 
car and  Natal,  and  belongs  to  the  ocean  to  the  east  and  south  of 
this  peninsula,  while  contemporaneous  deposits  of  the  western 
Indian  Ocean  (in  East  Africa)  and  in  northwestern  India  are 
strongly  contrasted  to  it,  and  are  related  to  the  Mediterranen  type. 
We  even  may  obtain  further  information  as  to  the  shape  of  this 
peninsula.  According  to  Newton  and  Boule,*  the  Jurassic  beds  of 
the  western  coast  of  Madagascar  belong  to  the  Ethiopian  Mediter- 
ranean Sea  (possessing  the  Mediterranean  type),  while  the  Creta- 
ceous beds  (Cenomanian-Senonian)  of  the  same  parts  exhibit  the 
South-Indian  type.  This  indicates  that  the  Ethiopian  Mediterra- 
nean Sea  extended,  during  the  Jurassic  period,  farther  south  than 
during  the  Cretaceous.  The  respective  maps  of  Neumayr  and 
Koken  agree  well  with  this :  according  to  Neumayr,  the  southern 
extremity  of  Madagascar  was  united  with  Africa,  while,  according 
to  Koken,  the  connection  was  situated  at  its  northern  end.  This 
latter  bridge  continued  to  exist  apparently  during  part  of  the 
Tertiary  time.  We  have  seen  above  that;  the  connection  of  East 
Africa  and  India  continued  up  to  the  very  beginning  of  the 
Tertiary,  and  was  destroyed  soon  after.  This  destruction,  however, 
affected  only  the  parts  between  Madagascar  and  India,  while  Mada- 
gascar itself  remained  connected  with  Africa  :  according  to  Jacobi, 
up  to  the  beginning  of  the  Miocene.     Lydekker*  is  of  the  opinion 

1  See  review  by  Boehm  in  Ndues  Jakrb,  /.  Mineral.^  etc.^  1897,  Vol.   i, 

p.  489. 

^  A  Geographical  History  of  Mammals ^  Cambridge,  1896. 


1W2.J  AND  ANCIENT  GEOGRAPHY.  329 

that  Madagascar  became  separated  from  Africa  in  the  Oligocene  or 
Miocene  ;  at  the  same  time  he  connects  Madagascar  with  India,  and 
believes  that  this  connection  was  not  severed  before  the  beginning 
of  the  Pliocene.  In  opposition  to  this  we  maintain  that  the 
connection  of  Madagascar  with  India  was  interrupted  before  that 
with  Africa. 

As  the  only  remnants  of  this  old  bridge,  the  Seychelles  have  been 
preserved.  They  consist,  according  to  Bauer,'  chiefly  of  granitic 
rocks,  which  are  accompanied  by  dikes  and  sheets  of  volcanic 
origin.  Only  traces  of  sedimentary  rocks  are  found,  and  these 
point  to  a  very  old  age.  While  we  thus  may  safely  take  the  Sey- 
chelles for  a  remnant  of  this  old  bridge — and  this  is  confirmed  by 
the  presence  of  the  East- African  genus  Deckenia — the  other  islands 
of  the  Indian  Ocean  (Chagos  group,  etc.),  are  coral-formation. 
They  may  rest  upon  the  highest  peaks  of  the  submerged  Lemuria, 
but  the  latter  itself  has  disappeared  here.  Consequently  the  fauna 
of  these  islands — at  least  as  regards  freshwater  Decapods — does  not 
contain  any  forms  indicating  this  old  bridge,  since  they  must  have 
all  been  drowned. 

The  northeastern  extremity  of  the  Indo-Madagassian  peninsula 
was  formed  by  the  present  peninsula  of  India.  According  to  Neu- 
raayr  and  Koken,  this  latter  was  separated,  from  the  Jurassic  to  the 
older  Tertiary,  from  the  rest  of  Asia,  that  is  to  say  from  the  Sino- 
Australian  continent,  by  the  Strait  of  Bengal,  and,  during  the 
older  Tertiary,  India  was,  according  to  Koken  (/.  ^.,  p.  452),  an 
island  (also  disconnected  from  Madagascar).  It  seems,  however, 
that  this  separation  of  India  from  the  rest  of  Asia  was  not  so  per. 
raanent  as  is  believed  by  these  authors.  It  is  true,  as  regards  its 
tectonic  configuration,  India  has  nothing  in  common  with  Asia, 
but  it  seems  that  there  was  a  connection,  at  least  at  certain  periods. 

That  the  "  Central  Mediterranean  Sea  "  of  Neumayr  extended 
during  the  Jurassic  period  across  northern  India  to  the  Bengal 
Strait,  separating  India  and  Asia,  seems  to  be  correct,  since  no 
evidence  to  the  contrary  has  been  brought  forth,  and  the  latest  in- 
vestigations have  shown  that  Jurassic  deposits  are  widely  distrib- 
uted not  only  in  the  western  but  also  in  the  central  Himalayas.* 
But  during  a  part  of  the  Cretaceous,  this  strait  does  not  seem  to 

'  Neues  Jahrb,  f,  MineraL,  etc.,  1898,  Vol.  2. 

'See  Griesbach,  Rec,  GeoL  Surv.  India,  26,  1893,  and  Diener,  Verh.  k,  k. 
geolog,  ReichsansL,  1 803. 


for^  exLftisd.  Already  Meddlicott  and  Blanfigrd  ^1879,  p.  bt 
rjrr^  doabtcd  tr-at  the  pl^in  of  the  Ganges  riTcr  was  caiqed  bv 
the  Crctaceo^  ocean,  and,  altboogh  racsc  andiors  gcnerallT  did^e- 
Ii*rr^  the  «G.5tence  of  sach  a  strait  daring  Jarasic,  Crctaceoos  and 
Tertiary  times,  Diener  ''/.  r.,  1895^  has  demoostzared  that  there 
exists,  in  the  central  Him^ya  mountains,  an  almost  complete 
vrfes  of  sediments  from  the  Cambrian  to  the  Eocene,  among 
which  Triavric  and  Jnrasic  beds  arc  well  represented,  while  Creta- 
ceous beds  apparently  are  missing  and  Eocene  again  is  known. 
This  is  very  mach  in  (avor  of  a  connection  of  India  with  Asia 
daring  the  Cretaceous.  A  very  positive  opinion  on  this  qoestion 
is  expressed  by  Kossmat  '1895,  P-  4^3)-  ^^  ^J^  ^^^^  ^^  Middle 
and  Upper  Cretaceous  ocean  of  southern  and  eastern  India  was 
fuft  connected  over  northern  India  with  Europe. 

Therefore,  it  seems  to  be  well  to  assume  only  for  the  Jurassic 
perio^l  and  for  the  Lower  Cretaceous  a  separation  of  India  and  the 
Sinic  continent ;  that  is  to  say,  during  these  times  Lemnria  (Mada- 
gascar-India) was  a  peninsula  connected  with  Africa.  In  the  Mid- 
dle and  Upper  Cretaceous,  this  peninsula  became  united  with  the 
Sinic  continent,  forming  a  land -bridge  between  the  latter  and 
Afrir;a.  This  connection,  however,  was  apparently  interrupted 
again  in  Eocene  times.  According  to  Neumayr  (/.  r.,  p.  481), 
the  Eocene  dejx)sits  of  the  Central  Mediterranean  Sea  (Nummulite- 
l>cds)  are  continued  across  the  whole  of  northern  India  to  the 
Gulf  of  Bengal  (and  farther  to  Java,  Borneo  and  the  Philippine 
Islands),  and  indicate  thus  a  continuous  ocean,  which  isolated 
India  from  the  rest  of  Asia.  Since,  at  about  the  same  time 
(Eocene),  the  destruction  of  the  Lemurian  bridge  took  place, 
India  became  an  island,  as  is  first  pointed  out  by  Koken.  In  Post- 
Eocene  times,  this  strait  separating  India  and  Asia  disappeared, 
and  we  have,  in  northern  India  generally^  at  about  this  time  (cer- 
tainly from  the  Miocene  upward),  a  regression  of  the  ocean  (see 
Meddlicott  and  Blanford,  1879,  p.  liii).  The  island  of  India  was 
definitively  joined  to  Asia  and  never  again  separated. 

After  the  destruction  of  the  connection  of  India  with  Madagas- 
car, in  the  beginning  of  the  Tertiary,  of  the  southwestern  parts  of 
Lcmuria  only  Madagascar  remained,  which  was  still  connected,  as 
a  peninsula,  with  East  Africa.  Then  this  connection  was  also 
severed,  but  not  before  the  Oligocene  or  the  beginning  of  the  Mio- 
cene.    Thus  the  main  outlines  of  the  present  distribution  of  land 
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andVater  were  established  at  about  the  beginning  of  the  Miocene. 
After  the  destruction  of  the  Lemurian  bridge  in  the  Eocene,  its 
northeastern  portion,  India,  became  part  of  Asia,  while  its  south- 
western portion,  Madagascar,  which  at  first  remained  a  peninsula 
of  Africa,  became  an  island. 

The  application  of  these  geographical  results  to  the  distribution 
of  the  freshwater  Decapods  is  the  following :  First,  we  have  to 
emphasize  that  before  the  middle  of  the  Cretaceous  it  was  impos- 
sible for  the  genus  Asiacoides  to  reach  Madagascar.  Since  the 
separation  of  the  Asiatic  and  Australian  group  of  the  crayfishes 
took  place  in  about  the  Upper  Cretaceous  and  since  the  morpho- 
logical differentiation  of  the  PotamobiidcB  and  Parastacida  was  con- 
nected with  this  separation,  and  further,  since  Astacoides  mus^ 
have  immigrated  into  Madagascar  from  the  Asiatic  part  of  the  old 
Sino-Australian  continent,  this  latter  process  must  have  gone  on 
shortly  before  the  completion  of  this  separation,  that  is  to  say, 
about  the  middle  of  the  Cretaceous.  This  assumption  is  supported 
by  the  morpholo.?ical  characters  of  Astacoides^  which  are,  in  a 
certain  degree,  intermediate  between  the  present  two  families  and 
favor  the  view  of  an  early  separation  from  the  original  stock. 

Thus  there  is  nothing  that  prevents  us  to  assume  an  immigration 
of  Astacoides  from  southeastern  Asia  into  Madagascar  in  the  mid- 
dle of  the  Cretaceous  period.  At  a  later  time  this  does  not  seem 
to  have  happened,  since,  in  this  case,  we  should  have  different 
morphological  characters  in  Astacoides.  At  an  earlier  time  this 
immigration  was  impossible,  since  then  India  was  not  connected 
with  the  Sino  Australian  continent.  After  the  Eocene  this  migra- 
tion was  absolutely  impossible,  since  then  the  land  connection 
between  India  and  Madagascar  had  disappeared. 

Although  we  may  thus  fix  the  time  of  immigration  of  Asta- 
coides rather  exactly,  there  arise  other  questions.  We  want  prin- 
cipally an  explanation  of  the  absence  of  similar  forms  in  Africa 
itself,  and  for  the  absence  of  such  in  India  and  generally  in 
southeastern  Asia. 

Regarding  the  Potamonince,  their  presence  in  Madagascar,  and 
the  close  relation  of  the  Madagassian  forms  to  East-African,  is 
easily  explained  by  the  former  connection  of  Madagascar  with 
Africa.  The  freshwater  crabs  of  Madagascar  thus  indicate  geo- 
graphical conditions  which  are  older  than  Miocene.    The  presence 
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of  Deckenia  on  the  Seychelle  Islands  connects  also  this  group  more 
closely  with  Africa  than  with  India.  Possibly  this  connection  is 
identical  with  that  over  Madagascar,  although  Deckenia  has  not 
been  found  on  the  latter  island. 

The  presence  of  Potamonina  in  India,  corresponding  to  the 
African  type  (subgenus  PotamonauUs)^  indicates  the  full  develop- 
ment of  the  Lemurian  peninsula,  that  is  to  say,  conditions  prevail- 
ing in  the  oldest  Tertiary,  if  not  earlier.  Potamonina^  represented 
by  forms  which  resembled  the  subgenus  Pofamonautes,  must  have 
existed  at  least  in  the  beginning  of  the  Eocene,  and  their  distri- 
bution extended  over  Africa  and  the  Lemurian  peninsula,  includ- 
ing India.  During  the  Eocene  this  range  was  separated  into  two 
parts,  an  African  (to  which  Madagascar  belonged)  and  an  Indian, 
and,  beginning  in  the  Miocene,  the  Potamonince  had  a  chance  to 
expand  over  southern  and  eastern  Asia  (Farther  India  and  China^). 
At  the  same  time  they  availed  themselves  of  the  various  and  chang- 
ing connections  within  the  region  of  the  Indo-Mala>sian  archipe- 
lago, occupying  the  latter  and  reaching  Australia.  The  opening 
of  this  region  of  dispersal  offered  to  this  group  a  new  opportunity 
for  a  rich  development,  and  the  origin  of  the  subgenera  Potamon 
and  Gtothelphusa  was  probably  the  outcome  of  it. 

We  cannot  leave  this  chapter  without  saying  a  few  words  on  the 
Arabian  region  of  dispersal  of  Jacobi.  This  extends  from  north- 
eastern Africa  across  Arabia  to  India.  Jacobi  mentions  the  simi- 
larity of  the  Siwalik-fauna  of  India  with  the  Ethiopian.  This, 
consequently,  refers  to  a  very  recent  period,  the  later  Tertiary. 
Before  this  time,  in  the  older  Tertiary  and  in  the  Mesozoic,  this 
connection  is  out  of  quesnon.  The  Potamonince^  which,  as  we 
have  seen,  existed  in  the  older  Tertiary,  show  no  trace  of  this  con- 
nection across  Arabia,  and,  as  we  shall  see  below,  our  knowledge 
of  the  ancient  geography  of  these  parts  is  a  very  fair  one.  Arabia 
itself  formed  originally  a  part  of  Africa,  and  the  Red  Sea  did 
not  exist  at  all  in  the  earlier  Tertiary,  it  being  quite  recent  (see 
below).     Toward  the  north,  northeast  and  east  Arabia  was  circum- 

^  There  was,  possibly,  an  earlier  chance  to  reach  the  Sinic  continent,  in  Upper 
Cretaceous  times,  and  I  am  inclined  to  helieve  that  the  diicontinuous  localiiies 
of  iotamonautes  (and  Parathelphuia)  in  the  Indo  Malaysian  archipelago  point 
to  an  immigration  of  these  forms  that  precedes  in  time  that  of  Potamon  sens, 
strict. 
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scribed  by  sea — the  Central  Mediterranean  Sea  and  the  Ethiopian 
Gulf  of  Neumayr.  A  connection  with  India  in  this  direction, 
and  a  migration  of  Potamonina  from  India  to  Africa  (or  vice 
versa)  by  this  route  was  then  impossible. 

Further,  I  should  like  to  point  out  that  we  have  to  be  careful 
about  this  Indo  Madagassian  bridge.  A  rase  which  has  occurred 
to  me,  and  which  might  lead  to  mibint^rpretation,  is  furnished  by 
the  distribution  of  the  Reptile-family  Chamaleontida.  According 
to  Gadow,  *  this  family  is  found  in  Africa,  Madagascar  and  India, 
a  distribution  which  is  quite  analogous  to  that  of  the  Potamoni- 
na,  and  might  induce  us,  at  the  first  glance,  to  trace  it  back  to 
this  old  Indo-Madagassian  connection.  A  closer  study,  however, 
reveals  the  fact  that  the  ChameUono\  India  has  nothing  to  do  with 
the  Madagassian  species,  but  is  related  to  the  form  widely  dis- 
tributed in  North  Africa,  Syria  and  Asia  Minor.  Here  the  con- 
nection apparently  goes  from  North  Africa  over  Syria  and  Arabia 
to  India,  and  this  distribution  belongs  to  a  much  later  period  when 
■  Lemuria  no  longer  existed. 

4.    CONNKCTION   OF   NEW   ZEALAND   WITH   AUSTRALIA. 

We  have  seen  that  a  genus  of  the  family  Parastacida,  Parane- 
phropSf  is  found  in  New  Zealand,  and  this  fact  points  to  a  former 
connection  of  thes^  islands  with  Australia.  We  further  are  to 
pay  attention  to  some  addiiional  facts,  which,  although  they  do 
not  seem  to  be  sufficiently  established  to  be  accepted  without  com- 
ment, are  apt  to  throw  some  light  upon  this  connection. 

First,  according  to  Huxley  (TV  Zool.  Soc,  1878,  p.  771), 
Paranephrops  is  said  to  be  found  in  the  Fiji  Islands.  This 
locality  is  supported  by  two  specimens  in  the  British  Museum, 
which  are  in  a  very  bad  condition;  moreover,  there  is  no  report 
as  to  the  authenticity  of  the  locality,  and  the  genus  has  never  again 
been  reported  from  these  islands. 

Further,  Nobili  (1899)  describes  from  southern  New  Guinea  a 
genus  and  species,  Astaconephrops  alhertisi^  which  is  said  to  be 
closely  allied  to  Paranephrops,  It  is  impossible,  however,  to  con- 
trol the  systematic  position  of  this  form,  since  only  external  char- 
acters  arc  given,   and   the    most    important  one,   the  branchial 

>  Gadow,  H.,  *«  Amphibia  and  ReptUia,'  in  The  Cambridge  Natural  His- 
tary^  Vol.  8, 1901,  map,  p.  568. 
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formula  and  shape  of  gills,  is  entirely  unknown ;  a  figure  of  this 
very  important  form  is  also  missing. 

But  taking  it  for  granted  that  the  genus  Parastcuus  itself  is  found 
in  the  Fiji  Islands,  and  that  Astaconephrops  in  New  Guinea  is 
closely  allied  to  it,  this  would  indicate  a  connection  of  New  Zea- 
land with  Australia  by  way  of  Fiji  Islands  and  New  Guinea.  This 
assumption  appears,  judging  alnne  from  this  material,  very  poorly 
supported,  but  it  agrees  well  with  other  known  facts  which  have  led 
to  a  similar  theory. 

According  to  Hedley  (1899),  New  Zealand  was  connected  with 
Australia  in  the  following  manner  (see  map,  /.  r.,  p.  404).  From 
North  Australia  and  New  Guinea,  which  were  united,  a  peninsula 
extended  over  the  Solomon  Group  and  the  New  Hebrides,  where 
a  smaller  peninsula  branched  off  in  the  direction  toward  the  Fiji 
Islands;  and,  farther,  this  main  peninsula  extended  over  New  Cale- 
donia, Lord  Howe  Island  to  New  Zealand.  Hedley  calls  this  the 
'*  Melanesian  Plateau,**  and  we  may  name  it  conveniently  the 
Melanesian  Peninsula  or  Melanesia,  As  to  the  time  of  existence 
of  the  latter  Hedley  does  not  express  himself  very  positively,  but 
according  to  von  Ihering  (1894,  p.  406),  New  Zealand  and  the 
Fiji  Islands  became  separated  from  Australia  before  the  Eocene,  or, 
as  may  be  gleaned  from  other  places  in  his  text,  at  the  beginning 
of  I  he  Eocene. 

The  views  of  these  two  authors  are  founded  exclusively  upon 
zoogeographical  evidence,  and  we  see  that  the  g^nus  Para  nephrons 
of  New  Zealand  is  apt  to  furnish  additional  support  to  Hedley's 
Melanesian  Peninsula.  That  this  peninsula  was  disconnected  from 
Australia,  not  later  than  in  the  Eocene,  also  agrees  with  our  mate- 
rial. We  have  seen  above  that  forms  of  the  Parastacoid  type  must 
have  existed  in  Australia  as  early  as  in  the  Upper  Cretaceous,  and 
thus  nothing  opposes  the  assumption  that  they  immigrated  into  New 
Zealand  in  Pre-Eocene  times. 

Examining  the  tectonic  and  geological  side  of  the  question,  we 
have  to  refer  first  to  the  views  propounded  by  Suess  (1888,  p. 
181  ff.).  According  to  him,  the  Alps  of  New  Zealand  are  a  com- 
paratively old  range,  which  existed  probably  as  early  as  in  Jurassic 
times,  and,  further,  he  points  out  (/.  r.,  p.  203  ff.)  the  analogy  in 
the  structure  of  New  Caledonia  and  New  Zealand.  For  the  rest, 
the  islands  between  New  Caledonia  and  New  Guinea  are  too  poorly 
known  in    this   respect,  and,  therefore,   we  cannot  say   anything 
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about  a  possible  tectonic  connection  of  these  parts.  Neumayr, 
however  (1890),  draws  in  his  map  of  the  Jurassic  continents,  men- 
tioned repeatedly  above,  a  peninsula,  which  is  connected  with  his 
Si  no- Australian  continent,  and  which  corresponds  closely  lo  Med- 
ley's idea  of  Melanesia.  This  peninsula  is  missing  in  Koken's  map 
(1893)  of  the  Cretaceous  continents,  and  even  New  Zealand  is  not 
given  as  land  there.  But  Koken  does  not  seem  to  have  paid  much 
attention  to  these  parts  of  the  earth's  surface  in  Cretaceous  times, 
since  it  seems  quite  sure  that  at  least  parts  of  New  Zealand  were 
land  then.  In  the  01<ler  Tertiary,  New  Zealand  and  New  Cale- 
donia were  islands,  according  to  Koken,  while  Australia  extended 
far  to  the  east,  including  Lord  Howe  Island. 

Althous^h.  in  general,  the  geological  evidence  for  the  connection 
of  New  Zealand  with  Australia  is  very  scarce,  we  certainly  have  to 
assiime  it  according  to  the  characters  of  the  fauna  and  flora  of  New 
Zealand,  and  the  material  at  hand  points  distinctly  to  the  fact  that 
this  connection  was  interrupted  at  a  comparatively  early  period. 
Thus  there  is  nothing  that  is  opposed  to  the  view  of  von  Ihering, 
that  the  final  isolation  of  New  Zealand  took  place  not  later 
than  the  beginninpj  of  the  Eocene,  and  there  is  no  objection  to  the 
demonstration  on  the  part  of  Hedley  that  this  connection  with 
Australia  was  by  way  of  New  Caledonia  and  New  Guinea.  Our 
present  case,  the  distribu  ion  of  Paranephrops  in  New  Zealand,  fits 
well  into  this  theory:  this  genus  reached  New  Zealand  in  Pre- 
Tertiary  times,  probably  in  the  Upper  Cretaceous,  and  very  likely 
by  the  way  indicated  by  Hedley;  since  the  Eocene  it  has  become 
isolated  on  this  island  group. 

5.      CONNECTION    OF   SOUTH   AMERICA    WITH    AUSTRALIA    (RESP.    NEW 

ZEALAND). 

The  genus  Paras tacus  in  the  temperate  and  subtropical  parts  of 
South  America  p  )ints  to  a  connection  of  this  continent  with  those 
parts  in  which  allied  forms  are  found,  namely,  with  Australia  and 
New  Zealand.  Numerous  instances  of  a  similar  distribution, 
which  suggest  a  relation  of  the  same  parts,  are  known,  not  only 
among  land  and  freshwater  animals,  but  also  among  the  marine 
littoral  fauna.  This  remarkable  fact  has  been  noticed  at  a  very 
early  time,  and  has  suggested  various  theories,  which  have  been 
reviewed  and  classified  by  the  present  writer  (Ortmann,  1901). 
The  views  of  the  majority  of  the  later  authors  now  agree  more  or 
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less  in  that  this  connection  is  placed  across  the  Antarctic  conti- 
nent, and  this  idea  is  chicrfly  supported  by  Hedley  (1895,  1899), 
von  Ihering  (1891,  1894),  Osborn  (1900),  Pilsbry  (1894),  and 
Ortmann  (1901,  1902). 

While  Pilsbry  only  generally  expresses  the  opinion  that  the  sup- 
position of  an  old  Antarctic  continent  connecting  the  respective 
parts  of  the  present  southern  continents  would  furnish  the  condi- 
tions necessary  for  the  ex[)lanation  of  the  zoogeography  of  the 
land- moll usks,  and  while  Osborn  only  tries  to  give  an  approximate 
idea  of  the  mutual  relations  of  these  land-masses  by  pointing  out 
that  a  subsidence  of  the  ocean  level  of  a  certain  amount  would 
connect  these  parts,  von  Ihering  (1894,  p.  438)  gives  a  more 
detailed  theory  of  this  connection.  He  unites  not  only  South 
America  over  Antarctica  with  Australia,  but  continues  this  (Meso- 
zoic)  land  mass  beyond  the  Indo- Malaysian  islands  to  east  Asia, 
thus  including  the  Sino  Australian  continent  discussed  above.  He 
calls  this  vast  continent  by  the  name  of  Archinotis. 

As  to  the  details  of  the  special  connection  of  Australia  and  South 
America,  Hedley's  opinion  is  the  most  important ;  according  to 
him  (1895,  p.  6),  during  Mesozoic  and  older  Tertiary  times  a 
stretch  of  land  extended  from  Tasmania  over  the  South  Pole  to 
Terra  del  Fuego;  the  shore  line  of  this  land  (\ntarctica)  formed  a 
wide  gulf  between  Tasmania  and  Cape  Horn,  and  approached  the 
Pole.  This  land-bridge,  however,  was  not  very  solid,  but  was  sub- 
ject to  various  changes  resulting  in  a  repeated  breaking  up  and 
becoming  reunited  of  the  different  parts.  As  regards  New  Zv-aland, 
he  believes  that  during  the  Tertiary  time  it  was  not  directly  con- 
nect d  with  Antarctica.  In  another  paper,  however  (1899,  p.  399), 
Hedley  also  assumes  a  connection  of  New  Zealand  with  Antarc- 
tica, but  this  was  of  an  older  date  than  that  from  Australia  over 
Tasmania  to  Antarctica,  and  consequently  is  to  be  placed  in  the 
Mesozoic  time. 

That  Australia  was  once  connected  with  Antarctica,  especially 
with  what  is  now  called  VVilkes*  and  Victoria  Land,  can  be  imag- 
ined as  possible  on  tectonic  grounds.  Australia  itself  consists, 
according  to  Suess  (1888,  p  188  ff),  in  its  eastern  part  of  a  very 
old  range  of  mountains,  running  in  a  north-southerly  direction; 
its  larger  western  part  is  an  old  Archaic  and  Palaeozoic  plateau 
(part  of  Gondwana  Land).  Both  parts  are  fractured  and  cut  off 
toward  the  south,  and  the  southern  parts  have  disappeared  ;  a  line 
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of  faults  at  the  southern  margin  of  the  Australian  Plateau  indicates 
that  Australia  undoubtedly  extended  once  farther  southward,  in  the 
direction  toward  Antarctica.  Whether  it  was  really  united  with 
the  latter  cannot  be  said  positively,  chiefly  because  the  geological 
structure  of  Wilkes'  Land  is  entirely  unknown. 

The  time  of  the  subsidence  of  the  southern  parts  of  the  old 
Australian  continent  can  be  determined  according  to  the  condi- 
tions known  to  exist  on  the  shores  of  the  great  Australian  Bight. 
Here,  on  the  foot  of  the  broken  edge  of  the  Australian  Plateau,  a 
series  of  Tertiary  deposits  is  found,  the  age  of  which  is  not  yet 
positively  ascertained,  but  which  seem  to  belong  to  both  the  older 
and  younger  Tertiary.  The  fact  that  no  older  (Mesozoic)  beds 
are  found  in  this  region  seems  to  indicate  that  such  were  not  de- 
posited, and  that  means  to  say  that  up  to  the  end  of  the  Mesozoic 
time  the  southern  part  of  the  Australian  Plateau  had  not  subsided, 
and  that  this  process  took  place  at  the  very  beginning  of  the 
Tertiary. 

Thus  we  have  reason  to  believe  that  the  connection  of  this  part 
of  Australia  (the  western  plateau)  with  Antarctica  existed  up  to  the 
end  of  the  Mesozoic  time. 

The  Tertiary  deposits  of  the  south  coast  of  Australia  are  lacking 
from  Tasmania  along  the  eastern  coast  of  Australia;  here  is  a  frac- 
ture toward  the  south  and  east,  the  age  of  which  cannot  be  deter- 
mined at  present.  Hedley  believes  that  there  was  here  a  connec- 
tion with  Antarctica  that  persisted  up  into  the  Tertiary  (over 
Tasmania),  but  he  gives  no  geological  evidence  for  it.  It  is 
entirely  unknown  whether  the  East  Australian  Cordilleras  And  a 
continuation  in  Antarctica.  So  Hedley 's  assumption  may  or  may 
not  be  correct. 

Another  tectonic  line  in  these  regions  has  been  pointed  out  by 
Gregory.*  He  also  emphasizes  the  former  southward  extension  of 
the  Australian  Plateau ;  but  besides,  there  seems  to  be,  according 
to  him,  a  very  important  tectonic  line  marked  by  the  volcanoes  of 
New  Zealand  and  Victoria  Land,  and  this,  possibly,  finds  its  con- 
tinuation in  the  volcanoes  of  the  region  of  Graham  Land,  and 
passes  thence  over  Terra  del  Fuego  to  the  South  American  Cordil- 
leras. Of  course,  this  is  no  evidence  at  all  that  this  line  from 
New  Zealand  over  Antarctica  to  South  America  has  ever  been  a 
continuous  mountain  range  actually  connecting  these  parts,  but  the 

>  Nature^  Vol.  Ixiii,  1 901,  pp.  610-61 1,  with  map,  p.  61 1. 
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existence  of  such  a  line  would  in  a  large  degree  facilitate  the 
imagination  of  such  a  connection,  and  would  force  us — if  we  have 
other  evidence  pointing  to  a  former  connection  of  these  parts — to 
construct  this  old  land-bridge  nowhere  else  but  along  the  direction 
of  this  line.  That  is  to  say,  the  connection  of  Australia  and  New 
Zealand  with  South  America,  which  is  probable  on  account  of  cer- 
tain facts  in  the  distribution  of  life,  was  across  the  Poie,  and  not 
in  lower  latitudes  in  the  southern  part  of  the  Pacific  Ocean,  as 
accepted  by  some  authors. 

The  tectonic  connection  of  Graham  Land  with  Terra  del  Fuego, 
indicated  by  Gregory,  is  much  emphasized  by  Fricker.'  Accord- 
ing to  him,  it  is  formed  by  the  arc  of  islands  running  from  Terra 
del  Fuego  over  South  Georgia  and  the  South  Sandwich  Islands  to 
Graham  Land.  This  line,  however,  again  indicates  only  the 
general  direction  of  this  possible  connection,  but  does  not  give  any 
hints  as  to  its  actual  existence,  nor  to  the  possble  time  of  it. 

We  know  that  a  large  part  of  South  America  (the  Brazilian 
Plateau,  see  below)  is  a  very  old  continental  mass,  which  ex- 
tended southward  into  northern  Argentina,  but  not  into  Patagonia. 
What  is  now  the  chain  of  the  Cordilleras  was  certainly  ocean  dur- 
ing Mesozoic  times,  since  here  we  find  Jurassic  and  Cretaceous 
deposits  largely  developed,  and  the  latter  have  been  traced  far  to 
the  south  and  over  almost  all  of  Patagonia;  the  Tertiary  beds  of 
southern  Patagonia  rest,  wherever  this  has  been  observed,  upon 
Cretaceous  deposits.'  The  Patagonian  Cretaceous,  in  its  upper  divi- 
sions, consists  of  rocks  formed  apparently  under  continental  condi- 
tions (littoral,  freshwater,  or  eolian),  and  these  latter  (Guaranitic 
beds)  were  subject,  after  their  deposition,  to  erosion,  indicating  a 
land  period  at  the  close  and  after  the  Cretaceous.  Thus,  there 
seems  to  have  been  an  upheaval,  beginning  at  the  end  of  Mesozoic 
time  and  continuing  into  the  Tertiary ;  during  the  Eocene  these 
regions  probably  were  land  to  a  large  extent.* 

West  of  the  Mesozoic  beds  known  in  the  tract  of  the  Cordilleras 
there  are,  in  the  so-called  Coast  Cordilleras  of  Chili,  rocks  of 
another  character;  they  are  apparently  metamorphic,  but  their  age 
is  disputed.     According  to  Steinmann,*  they  are  Mesozoic;    end 

^  The  Antarctic  Regions^  London,  1 900,  p.  140  ff. 

>  See  Hatcher,  J.   B.,  in  Amer.   Jour.   Set.,  Vol.  ix,   1900,  p.  95   ff.,  and 
Ortmann,  Rep,  Princeton  Exped.  Patagonia^  Vol.  iv,  Part  2,  1902,  p.  285. 
'  See  Ortmann,  /.  r.,  p.  317. 
*  Neues  Jahrb.f,  Mineral,^  etc.,  Bcil.,  Bd,  10,  1895,  p.  6. 
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according  to  Wollf,'  they  are  at  least  older  than  Jurassic.  This 
coast  range  is  continued  southward  across  the  Straits  of  Magellan, 
and  forms  the  southwest  and  south  coast  of  Terra  del  Fuego, 
where  similar  rocks  are  found,  and  here  it  curves  more  and  more 
in  a  west-easterly  direction. 

However,  the  old  and  even  Mesozoic  age  of  the  rocks  composing 
this  chain  is  not  generally  accepted,  and  also  the  identity  of  the 
Fucgian  rocks  with  those  of  Chili  has  been  doubted ;  Norden- 
skjold,*  for  instance,  takes  the  metamorphic  rocks  of  the  outer 
(western  and  southern)  side  of  Terra  del  Fuego  for  Cretaceous. 

Thus  we  see  that  there  is  considerable  uncertainty  about  the  con- 
figuration and  geology  of  southern  South  America  in  the  Mesozoic 
era;  but  this  much  seems  to  be  settled,  that  the  Chilean  coast 
range  existed  as  early  as  the  Cretaceous  period,*  and  that  the  Cor- 
dilleras in  Terra  del  Fuego  were  not  formed  later  than  in  the  Cre- 
tacoeus.  It  is  just  this  latter  chain  that  continues  over  Staten 
Island,  South  Georgia,  etc.,  and  finally  connects  with  Graham 
Land ;  and  if  there  was  connection  at  any  time,  it  was  by  this 
way  and  in  the  Cretaceous. 

Further,  there  is  no  doubt  that  at  the  end  of  the  Cretaceous 
period  large  tracts  of  Patagonia  became  dry  land,  and  the  maximum 
of  land  extension  falls  probably  in  Eocene  times. 

Consequently  we  have  to  put  the  chief  coimection  of  the  southern 
parts  of  South  America  with  Antarctica  at  the  end  of  the  Creta- 
ceous and  in  the  Eocene.  But  we  are  to  emphasize  here  that  thus 
far  we  have  been  able  only  to  connect  the  Chilean  coast  range 
with  Antarctica.  According  to  von  Ihering,  this  connection  also 
comprised  old  Archiplata  (the  Brazilian  mass)  and  existed  during 

>  WoUf,  F.  von,  in  Zeitschr.  deutsch.  Geolog.  Gesflhch.^  Vol.  51,  1 899. 

'  Geological  Map  of  the  Magellan  Territories  (Svenska  Exped.  till  Magellans- 
kend.  Vol.  i,  No.  3,  1899). 

•And  possibly  earlier.  Burckhardt,  C.  ("Traces  g^ologiques  d'un  ancien 
continent  Pacifique,"  in  Rev.  Mu%.  de  la  Plaia^  Vol.  10,  1900,  p  177  ff  ),  has 
brought  forth  some  evidence  for  th-  assumption  that  in  Chili,  west  of  the  present 
Cordilleras,  which  were  sea  during  the  Upper  Jurassic,  there  existed  a  continent, 
the  eastern  shore  of  which  was  formed  by  the  Chilean  coast  range.  There  is  no 
means,  however,  of  deciding  how  far  this  Jurassic  continent  extende  1  to  the 
west.  The  Juras-sic  age  of  this  range,  together  with  the  corresi>onding  rocks  of 
Terra  del  Fuego,  etc.,  is  quite  likely  if  Gregory's  theory  of  the  tectonic  connec- 
tion  with  New  Zealand  is  correct;  also,  the  mountains  of  New  Zealand  aie  said 
to  possess  Jurassic  age  (see  above,  p.  334). 
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the  whole  Mesozoic  era,  but  this  seems  to  be  doubtful ;  at  any  rate, 
a  connection  of  the  southern  and  western  land  in  South  America 
(Chilean  coast  range)  with  the  rest  of  South  America  is  improbable 
during  a  large  part  of  the  Cretaceous  time,  since  marine  deposits 
belonging  to  this  period  are  found  in  the  present  Cordilleras,  indi- 
cating separation  by  sea.  This  sea  apparently  was  a  strait  running 
in  a  north-southerly  direction,  and  coinciding  approximately  with 
the  present  direction  and  location  of  the  Cordilleras.  This  strait 
became  dry  at  the  beginning  of  the  Tertiary,  in  the  Eocene,  since 
Tertiary  deposits  are  not  found  here,  and  thus  a  connection  of  the 
main  mass  of  South  America,  the  Brazilian  Plateau,  was  formed  in 
an  east-westerly  direction  with  the  Chilean  coast  range.  This 
completed  the  connection  of  South  America  with  Antarctica  in 
Eocene  times,  and,  in  our  opinion,  is  very  important  and  serves  to 
explain  the  numerous  zoogeographical  peculiarities  of  South 
America. 

To  sum  it  up,  we  are  justified  to  draw  the  following  conclusions: 
There  is  nothing  that  opposes,  on  tectonic  or  geological  grounds, 
the  assumption  of  a  connection  of  Australia  with  Antarctica^  as  far 
as  the  evidence  at  hand  goes.  This  connection  belongs  pre  eminently 
to  the  Mesozoic  time,  and  was  interrupted,  at  least  for  a  large  part,  at 
the  end  of  this  era,  definitively  at  the  beginning  of  the  Tertiary. 
We  have  no  positive  evidence  for  a  permanent  Mesozoic  connection 
of  South  America  and  Antarctica  (but  such  may  have  existed); 
but  a  connection  of  these  parts  is  very  probable  at  the  end  of  the 
Mesozoic  time,  and  especially  during  the  Eocene  between  the  Antarctic 
lands  and  the  old  Brazilian  mass ;  the  southernmost  parts  of  South 
America  (southern  Patagonia  and  Chili)  were  connected  in  the 
Cretaceous  with  Antarctica,  forming  part  of  it,  but  were  still 
separated  from  Archiplata.  In  the  Eocene  they  were  also  con- 
nected with  the  latter.  This  latter  union  was  brought  about  by 
the  upheaval  of  the  Cordilleras,  which  began  toward  the  close  of 
the  Cretaceous  and  continued  almost  all  through  the  Tertiary. 

We  are  not  going  to  follow  up  this  idea  any  further,  although  we 
believe  that  it  will  prove  to  be  very  important  with  regard  to  the 
origin  ol  the  South  American  fauna.  For  our  present  purpose,  the 
explanation  of  the  presence  of  the  genus  Pa^astacus  in  South 
America,  we  arrive  at  the  conclusion  that  the  family  Parastcuidte, 
which  existed,  as  we  have  seen,  during  the  Upper  Cretaceous 
period  in  Australia,  had  a  chance,  during  this  same  time,  to  spread 
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into  Antarctica,  and  consequently  into  the  southernmost  parts  of 
America  (Chili).  Thence  it  extended,  in  the  beginning  of  the 
Tertiary,  into  Northern  Argentina  and  Southern  Brazil  (Archiplata). 
This  west-easterly  direction  of  migration  from  Chili  to  Brazil  is  in 
a  certain  degree  expressed  in  the  present  distribution  of  the  genus 
Parastacus,  and  the  distribution  of  the  genus  ^glea  seems  to  have 
been  formed  under  similar  conditions,  although  its  Antarctic 
origin  does  not  seem  probable.  The  present  southern  boundary  of 
Parastacus  is  possibly  due  to  the  present  climatic  conditions,  it 
having  died  out  in  the  south  of  Chili  and  Patagonia  on  account  of 
the  unfavorable  climate  of  these  parts. 

The  fact  that  the  genus  does  not  extend  northward  into  the 
truly  tropical  parts  of  Brazil  needs  further  explanation.  We  shall 
return  to  this  later. 

The  presence  of  the  genus  Parastacus  on  both  slopes  of  the  Cor- 
dilleras (even  the  identical  species  is  found  in  one  case  on  both 
sides,  and  in  this  respect  the  genus  ^^lea  agrees  with  Parastacus) 
points  to  a  time  when  the  Cordilleras  had  not  yet  attained  their 
present  elevation.  As  v.  Ihering  has  shown,  for  many  groups  of 
animals  this  chain  forms  a  very  sharp  barrier,  and  it  does  not  seem 
probable  that  these  freshwater  Crustaceans  are  able  to  cross  these 
high  snow  and  ice-covered  mountains.  In  the  case  of  Parastacus 
tf^tfj//«  a  shifting  of  the  continental  divide  (by  the  capiuring  of 
the  headwaters  of  a  stream  belonging  to  the  drainage  of  the  oppo- 
site side)  cannot  explain  its  presence  on  both  slopes,  since  in  this 
region  the  original  divide  seems  to  be  intact  (the  waters  of  Lake 
Nahuel  Huapi  drain  to  the  Atlantic  Ocean).  Thus  also  this  fact  is 
in  favor  of  an  early  origin  of  the  distribution,  since  the  elevation 
of  the  Cordilleras,  although  beginning  at  the  end  of  the  Creta- 
ceous, did  not  attain  its  maximum  till  about  the  Miocene.* 

6.    CONNECTION   OF  THE  WEST   INDIES  WITH   CENTRAL  AND   SOUTH 

AMERICA. 

We  have  seen  above  that  Cambarus  cubensis  of  Cuba  finds  its 
most  closely  allied  species  in  C.  mexicanus  of  Mexico.  Similar 
conditions  prevail  among  the  species  of  Pscudothelphusa  from  the 
Greater  Antilles,  two  species  i^P,  americana  and  terrestris)  being 
also  found  in  Mexico.     On  the  other  hand,  the  six  species  of  the 

'  According  to  Hatcher,  the  Miocene  Patagonian  and  Santa  Cmzian  beds  are 
largely  disturbed  in  the  region  of  the  CordiUerai  in  Southern  Patagonia. 
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genus  Epilobocera  (from  Cuba  to  Porto  Rico  and  Sta.  Cruz)  are 
restricted  to  these  islands  and  do  not  possess  any  closely  allied 
forms  on  the  mainland,  although  there  is  no  doubt  that  they  are 
distantly  related  to  the  Central  and  South  American  freshwater 
crabs  and  must  have  been  derived  from  these  parts.  Thus  it  seems 
that  we  are  to  distinguish  two  groups  among  the  freshwater  Crusta- 
ceans of  the  Greater  Antilles,  pointing  to  two  migrations  from  the 
mainland  of  Central  America — an  older  one,  represented  by 
Epilobocera^  the  higher  age  of  which  is  supported  by  the  fact  that 
this  genus  possesses  in  some  respects  the  most  primitive  characters 
among  the  whole  subfamily,  and  a  younger  migration,  represented 
by  the  identical  species  of  Pseudothelphusa,  It  is  doubtful  to 
which  of  these  groups  Cambams  cubensis  belongs,  since  it  is  differ- 
ent from  but  closely  allied  to  a  Mexican  species. 

Entirely  different  in  its  relitions  is  the  Pseudothelphusa  (P, 
dentata)  of  the  Lesser  Antilles.  This  one  points  beyond  doubt  to 
South  America  (Trinidad  and  Venezuela)  and  bears  no  relation  at 
all  to  the  Greater  Antilles,  not  to  speak  of  Mexico. 

The  geology  and  tectonics  of  the  West  Indies  and  Central 
America  are  only  poorly  known,  but  lately  some  very  important 
contributions  have  been  published.  Nevertheless,  the  conditions 
prevailing  here  are  far  from  being  clear,  and  the  opinions  of  differ- 
ent authors  vary  frequently.  This  much  seems  to  be  sure,  that  the 
history  of  this  section  of  the  earth  is  a  very  varied  and  complex  one. 

In  the  first  line  we  are  to  consider  the  fact  that  the  general  feat- 
ures of  the  main  mountain  ranges  of  Central  America  and  the  West 
Indies  possess  much  in  common  and  differ  sharply  from  both  North 
and  South  America.  Especially  the  west-easterly  strike  of  the  old 
ranges  of  Central  America  (Guatemala,  Honduras),  as  well  as  of 
the  Greater  Antilles  (Cuba,  Hayti,  Porto  Rico,  Jamaica),  is  very 
remarkable  (see  Suess,  1885,  p.  698  ff.),  and  indicates  a  former 
tectonic  unit.  According  to  Hill  (1898),  old  rocks  exhibiting  the 
same  west-easterly  strike  are  found  largely  distributed  also  in  Nica- 
ragua and  Costa  Rica,  and,  further,  in  the  region  of  the  Isthmus  of 
Panama,  especially  to  the  east  of  Colon,  in  the  Cordilleras  of  Saa 
Bias.  Furthermore,  the  whole  northern  shore  of  Venezuela,  from 
Puerto  Cabello  to  the  northeastern  end  of  the  island  of  Trinidad, 
consists  of  old  granitic  ranges  with  the  same  strike.  All  these  obser- 
vations, although  apparently  incomplete  and  scattered,  most  likely 
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indicate  that  this  whole  region,  i.e.f  Central  America,  the  Greater 
Antilles  and  the  northern  coast  of  South  America,  possesses  an 
"old  basement  of  granitic  rocks  of  earlier  age  than  the  oldest 
determinable  sedimentary  rocks"  (Hill,  1898,  p.  241),  which,  in 
its  west-easterly  strike,  differs  entirely  from  the  present  mountain 
ranges  of  North  and  South  America,  and  it  is  possible  that  these 
parts  once  formed  a  unit,  a  solid  continental  mass.  As  to  the  age 
of  this  continent  we  may  form  an  idea  if  we  consider  that  (Hill, 
/.  r.,  p.  243)  Jurassic  beds  are  absent  in  this  region,  so  that  during 
this  lime  at  least  this  continent  was  in  existence.  The  same  seems 
to  be  true  for  a  large  part  of  the  Cretaceous  time.  Cretaceous 
deposits  are  wanting  in  Central  America  from  Costa  Rica  eastward 
in  the  Isthmian  region  and  on  the  West  Indian  islands.*  On  the 
other  hand.  Cretaceous  beds  are  found  in  Guatemala  to  the  north 
of  the  old  granitic  mountains.  They  are  also  extensively  developed 
to  the  south  and  southeast  of  the  old  granites  in  Colombia  and 
Venezuela  (see  below),  and  thus  it  seems  that  this  old  continent 
was  washed  to  the  north  as  well  as  to  the  south  by  Cretaceous  seas. 
But  at  about  this  time  (toward  the  end  of  the  Cretaceous)  tiiis 
old  Mesozoic  Antillean  continent  must  have  been  destroyed,  prob- 
ably by  the  formation  of  the  Caribbean  Sea.  We  do  not  know 
much  about  the  exact  time  when  this  happened,  but  we  know  that 
the  subsidence  forming  this  basin  within  this.old  mass  was  accom- 
panied by  a  faulting  along  the  margins  of  the  subsiding  area.  This 
fault  is  cle.irly  seen  at  the  coast  oi  Venezuela,  where,  according  to 
Suess  (1885,  p.  687  f.),  the  old  coast  range  breaks  off  to  the  north. 
The  fact  that  within  the  whole  region  of  the  Caribbean  Sea  no 
Cretaceous  deposits  are  positively  known  makes  it  very  probable 
that  the  formation  of  this  depression  falls  at  the  end  of  the  Meso- 
zoic age.' 

*  There  are,  however,  Pre-Terliary  sediments,  belonging  possibly  to  the  upper- 
most Cretaceous,  in  some  of  the  Greater  Antilles  (sec  Hill,  Amer.  Journ.  JSci,, 
Vol.  48,  1894,  p.  197)  ;  but  this  again  demonstrates  that  sedimentation  in  these 
parts  did  not  begin  till  the  very  end  of  the  Mesozoic  time. 

'  There  are  Cretaceous  <leposits  of  Lower  Scnonian  age  in  western  Venezuela 
which  po>sess  the  Mediterranean  type  (see  Gerhardt,  in  A'.  Jahrb,  MineraL^ 
etc.,  Beil.,  Bd.  11,  1897,  p.  87).  This  possibly  is  the  first  indication  of  the  exist- 
ence of  the  Caribbean  Sea.  But  we  must  not  forget  that  the  Lower  Cretaceous 
of  Colombia  and  Peru  also  exhibits  Mediterranean  character,  which  is  due,  no 
doubt,  to  the  Orinoco  connection.  It  is  remarkable  that  the  relation  of  these 
Lx>wer  Cretaceous  beds  to  Texas  is  not  very  evident,  they  probably  being  sepa> 
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In  subsequent  times,  at  the  beginning  of  the  Tertiary,  the  Carib- 
bean Sea  must  have  existed,  since  Tertiary  deposits  are  largely 
devcfloped  in  this  region,  not  only  on  the  Antilles  but  also  on  the 
Isthmus  of  Panama.  It  seems  that  in  the  beginning  of  the  Tertiary 
the  old  Antillean  continent  was  divided  into  two  main  sections — 
the  Greater  Antilles  with  Honduras  and  Guatemala  to  the  north, 
and  the  coast  range  of  Venezuela  to  the  south.  The  remnants  of 
this  continent  in  the  Greater  Antilles  and  Central  America  re- 
mained first  in  a  large  part  land,  but  apparently  they  were  subject 
to  various  changes  during  the  Tertiary  period  and  subsided  and 
were  elevated  repeatedly. 

We  have  seen  that  the  geographical  distribution  of  certain  fresh- 
water Decapods  demands  in  the  first  line  a  connection  of  the 
Greater  Antilles  with  Mexico,  and  according  to  the  foregoing  con- 
sider^itions  this  connection  can  have  been  situated  only  in  the 
direction  over  Honduras  and  Guatemala.  We  have  further  seen 
that  a  Mesozoic  connection  of  these  parts  is  very  likely,  and  that 
the  connection  of  Venezuela  with  Central  America  existed  almost 
up  to  the  end  of  the  Cretaceous.  As  we  shall  see  below,  we  have 
reason  to  believe  that  the  freshwater  crabs  reached  Venezuela  in  the 
second  half  of  the  Cretaceous,  and  consequently  it  was  also  possible 
for  them  to  extend  during  this  time  into  Central  America  (and 
Mexico).  If  the  latter  parts  were  then  or  later  connected  with  the 
Greater  Antilles,  this  would  account  for  the  presence  of  the  most 
primitive  genus  of  the  subfamily,  Epilobocera,  in  these  islands.  On 
the  other  hand,  Potam>buJcB  were  probably  present  at  the  end  of 
the  Cretaceous  times  in  western  North  America.  These  pans  were 
connected  with  Central  America  in  this  period,  Mexico  being  dry 
land,  and  thus  there  was  also  a  chance  for  the  P^ftamobiida  (repre- 
sented here  by  Cambarus)  to  reach  finally  the  Greater  Antilles. 
Therefore  we  reach  the  conclusion  that  the  first  immigration  of 
freshwater  Decapods  into  the  Greater  Antilles,  represented  by 
Epiloboceray  belongs  to  the  end  of  the  Cretaceous  or  the  beginning 
of  the  Tertiary,  and  that  Cambarus  cubensis  possibly  also  belongs 
to  it ;  but  since  this  form  is  a  true  Cambarus^  although  a  primitive 
one,  I  should  prefer  to  put  its  immigration  rather  in  the  Tertiary 
than  in  the  Cretaceous. 

rated  from  Texas  by  the  Antillean  continent,  while  the  Upper  Crctaceoas  of 
Western  VentzueU  shows  close  affinity  to  Texas,  the  Antillean  continent  having 
disappeared. 
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The  same  zoogeographical  question  has  been  investigated  by 
Simpson  *  with  reference  to  the  land  and  freshwater  Mollusks.  He 
points  out  that  among  this  group  in  the  Greater  Antilles  we  find 
quite  a  number  of  species  which  are  identical  with  species  from 
Central  America  and  Mexico  (list  p.  488,  /.  r.).  and,  besides,  there 
are  in  both  parts  numerous  and  more  or  less  closely  allied  forms. 
Simpson  dofs  not  distinguish  very  sharply  these  two  categories, 
identical  and  allied  forms,  but  they  correspond  very  likely  to  the 
same  two  groups  among  our  Deca|x>ds. 

Now  Simpson  draws  the  following  conclusions :  Sometime  during 
the  Eocene  the  Greater  Antilles  were  elevated  and  connected  with 
each  01  her  and  with  Central  America  by  way  of  Jamaica  (and  pos- 
sibly across  the  Yucatan  channel).  Then  a  period  of  subsidence 
followed,  culminating  in  the  Miocene  and  submerging  the  Antilles 
with  the  exception  of  their  highest  parts,  which  ended  the  connec- 
tion with  Central  America.  In  Postmiocene  times  the  Greater 
Antilles  were  elevated  again  and  attained  their  present  shape. 

For  the  Lesser  Antilles  the  matter  was  entirely  different.  These 
islands  did  not  exist  at  all  in  Eocene  times  or  were  submerged  sub- 
sequently, since  their  Mollusk-fauna,  with  the  exception  of  a  few 
forms  which  may  have  reached  them  by  drift,  shows  no  affinities  to 
that  of  the  Greater  Antilles.  After  the  formation  of  this  island 
chain,  during  the  course  of  the  Tertiary,*  it  was  populated  chiefly 
from  South  America,  and,  as  Simpson  believes,  by  drift.  The 
South  American  (Venezuelan)  origin  of  the  fauna  of  the  Lesser 
Antilles  is  also  confirmed  by  our  material.  Potamocarcinus  denta- 
tus  points  directly  to  Trinidad  and  Venezuc^la  and  not  to  the 
Greater  Antilles.  I  should  doubt,  however,  that  this  species  has 
reached  these  islands  by  drift,  and  I  am  inclined  to  assume  a  con- 
tinental connection  of  these  parts,  which  may  have  been  of  short 
duration,  during  the  later  Tertiary.  I  am  loath  to  believe  that  it  is 
possible  for  these  freshwater  crabs  to  be  transported  across  salt 
water,  and  the  fact  that  one  species  is  found  on  the  islands  of 
Guadeloupe,  Dominica,  Martinique,  St.  Lucia,  another  in  Trini- 

1  Simpson,  C.  T. :  «  Distribution  of  the  Land  and  Freshwater  Mollusks  of  the 
West  Indian  Region*  and  their  Evidence  with  regard  to  Pa>t  Changes  of  Land 
and  Sea"  {Pr.  U,  S.  Nat.  AIus.,  Vol.  17,  1895). 

*  That  these  islands  were  formed  during  the  Tertiary  is  also  the  opinion  of 
Hill.  Sec  Report  by  Robert  T.  Hill  on  the  volcanic  d  sturbances  in  the  West 
Indies  in  Ike  Nation.  Geograph,  Maga%,,  Vol.  13,  1902,  pp.  229,  240,  265. 
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dad  and  a  third  in  Venezuela  is  entirely  opposed  to  the  drift 
theory,  since  under  the  latter  we  ought  to  expect  only  one  species 
in  this  whole  region. 

Simpson's  theory  of  the  origin  of  the  West  Indian  faunas  is  sup- 
ported  exclusively  by  zoogeographical  evidence,  and,  as  we  have 
seen,  it  agrees  admirably  with  the  facts  presented  by  the  Decapod 
Crustaceans.  But  the  various  changes  undergone  by  the  West 
Indian  islands  have  been  investigated  also  from  a  geological 
and  physiographical  standpoint.  I  shall  disregard  the  views  of 
Spencer*  on  the  Antillean  continent,  which  are  certainly  exag- 
gerated, since  he  makes  this  whole  region  land  during  the  Pliocene, 
even  including  the  floor  of  the  Mexican  Gulf  and  the  Caribbean 
Sea.  According  to  him,  the  Pliocene  land  would  have  been  ele- 
vated above  the  present  level  to  the  amount  of  one  and  one-half  to 
two  and  one  half  miles,  and  this  would  result  in  a  wide  connection 
of  both  North  and  South  America  with  the  Antillean  land.  But 
this  is  simply  impossible.  If  such  a  land  connection  had  existed 
in  Pliocene  times,  it  should  have  left  not  only  unmistakable  traces 
in  the  present  fauna  of  the  Antilles,  but  the  Antillean  fauna  ought 
to  be  practically  identical  with  that  of  the  southern  parts  of  North 
America  and  the  northern  parts  of  South  America;  but  this  is  by 
no  means  the  case.  Nevertheless,  one  of  the  items  in  Spencer's 
theories  is  important  for  our  purposes.  This  is  the  assumption  of  a 
Pliocene  elevation  of  these  parts,  succeeded  by  the  opposite  move- 
ment at  the  end  of  the  Pliocene  and  in  the  Pleistocene. 

On  the  other  hand,  Hill*  assumes  for  Cuba  a  subsidence  at  the 
beginning  of  the  Tertiary.  This  is  followed,  in  the  older  Pleisto- 
cene, by  a  rapid  elevation,  continuing  more  or  less  continuously  up 
to  the  present  time.  This  late  Tertiary  and  recent  elevation  influ- 
enced also  the  neighboring  parts  of  the  Gulf  of  Mexico  and  the 
Caribbean  Sea,  and  Hill  concedes  that  it  was  possible  that  Cuba 
extended  then  as  far  as  Yucatan,  thus  connecting  with  Central 
America. 

The  views  of  Hill  and  Simpson  agree  only  in  part  as  to  the  gen- 
eral movements  of  these  regions.  Simpson  assumes  an  Eocene 
elevation  and  land  connection,  while  Hill's  tlevation  is  Pleisto- 
cene.    But  it  is  quite  possible  that  both  are  correct.     We  have 

>  Spencer,  J.  W. :  ««  Reconstruction  of  the  Antillean  Continent  "  {Bull,  Get- 
log,  Soc.  America t  Vol.  6,  1895). 
»  Bull,  Afus,  Harvard,  Vol.  16,  1895. 
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seen  that  our  material  points  to  a  double  connection  of  Cuba  and 
Central  America,  an  older  and  a  younger  one,  and  it  is  very  likely 
that  the  one  is  identical  with  Simpson's  and  the  other  with  Hill's. 
Between  them  there  is  a  period  of  subsidence,  the  maximum  of 
which  belongs  probably  to  the  Miocene.  This  agrees  with  both 
Hill's' and  Simpson's  views.  The  upheaval  assumed  by  Hill  for 
the  end  of  the  Tertiary  and  the  corresponding  connection  with  the 
mainland  has  been  indicated  previously  by  Neumayr  (1890,  p. 
541),  and  the  same  theory  is  proposed  by  Spencer.  And,  further, 
Simpson  also  advocates  a  Postmiocene  elevation,  which,  however, 
did  not  result  in  a  connection  with  Central  America.* 

According  to  the  foregoing,  the  history  of  the  development  of 
the  Central  American  and  West  Indian  region,  as  supported  by  the 
freshwater  Decapods,  is  the  following  : 

Ceniral  America  t  the  West  Indies  and  the  northern  margin  of  South 
America  formed  in  the  Mesozoic  period  {certainly  during  Jurassic  and 
Cretaceous)  a  continental  mass  {Antillean  continent)  ^  which  was 
bounded  by  sea  to  the  north  and  south.  This  continent  broke  up  at 
the  end  of  the  Cretaceous^  the  chief  factor  in  its  destruction  being  the 
formation  of  the  Caribbean  Sea.  The  northern  remnant  of  this  con- 
tinent, consisting  of  the  Greater  Antilles  and  parts  of  present  Central 
America,  probably  remained  a  unit  up  to  the  Eocene.  But  at  the  end  of 
the  Eocene  and  during  Oligocene  and  Miocene  the  connection  between 
the  Greater  Antilles  and  the  main  Ian  I  was  severed.  But  it  was  re- 
established toward  the  end  of  the  Tertiary  {Pleistocene)  and  again 
destroyed  in  the  recent  time} 

1  The  subsidence  of  Cuba  at  the  beginning  of  the  Tertiary,  mentioned  by  Hill 
(I,  c,  1895),  refers  to  the  beginning  of  the  Cuban  Tertiary — that  is  to  say,  to 
deposits  including  Ek>cene  and  Miocene.  See  Hill,  in  Amer,  Journ.  Set.,  Vol. 
48,  1894.  p.  201. 

»  T.  Way  land  Vaughan  {Science,  January  24, 1902,  p.  148)  doubts  the  Pleisto- 
cene connection  of  Cuba  with  the  mainland,  since  the  recorded  6ndi  of  Pleisto- 
cene Mammals  in  Cuba  are  open  to  discussion,  and  possibly  did  not  come  from 
this  island.  But  the  cases  of  identical  species  among  the  Moliusks,  mentioned 
by  Simpson,  and  the  identical  species  of  freshwater  crabs  discussed  here  are 
beyond  doubt,  and  the  tendency  of  the  evidence  furnished  by  them  is  in  the  same, 
direction  as  that  of  the  Mammals.  We  do  not  believe,  however,  in  a  connection 
of  Cuba  with  North  America,  but  with  Central  America.  (Simpson  accepts  an 
Eocene  connection  with  the  is/and  of  Florida,  by  way  of  the  Bahamas,  which 
ended  in  the  Miocene.) 

3  This  only  partly  agrees  with  what  we  know  about  the  history  of  Jamaica. 
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It  seems  that  part  of  the  freshwater  Decapods  (the  identical  spe- 
cies) found  their  way  from  Central  America  to  the  Greater  Antilles 
during  the  Pleistocene  connection,  while  the  genus  Epilobocera 
reached  the  same  parts  in  much  older  times,  in  the  beginning  of 
the  Eocene  or  even  at  the  end  of  the  Cretaceous.  How  all  these 
forms  were  able  to  get  into  Central  America  we  shall  discuss 
below. 

To  which  of  the  two  immigrations  Cambarus  cub^nsis  belongs 
remains  doubtful.  I  am  inclined  to  classify  it  with  the  older 
(Eocene)  immigration. 

The  freshwater  crab  of  the  Windward  Islands,  Potamocarcinus 
iientatusy  confirms  the  view  of  Simpson  that  these  islands  and  their 
fauna  have  little  to  do  with  the  Greater  Antilles,  but  rather  that 
they  are  related  to  South  America.  But,  while  Simpson  believes 
that  the  (late  Tertiary)  population  of  the  Lesser  Antilles  was  ac- 
complished by  drift,  I  believe  that  a  land  connection  is  indicated. 

7.    CONNECTION   OF   SOUTH   AMERICA  AND   AFRICA. 

The  presence  of  freshwater  crabs  belonging  to  the  family  of  the 
PotamonidcR  in  the  Old  World  (subfamilies  Fotamonina  and  Deck- 
cniina).  as  well  as  in  the  tropical  parts  of  the  New  World  (subfamily 
Fotamocarcinince),  has  led  us  above  (p.  310)  to  the  assumption  that 
there  was  once  a  land  connection  between  South  America  and  the 
West  Indies  on  the  one  side  and  Africa  on  the  other.  Similar 
zoogeographical  facts  have  been  emphasized  chiefly  by  von  Ihering 
(1891,  p.  438,  and  1894,  p.  406).  and,  according  to  him,  "all 
affinities  of  the  freshwater  fauna  of  northern  South  America  direct 
us  to  Africa."     He  believes  (we  shall  discuss  this  later)  that  the 

Hill  (^BulL  Mus.  Harvard,  Vol.  34,  1899)  says  that  at  the  end  of  the  Cretaceous 
and  the  beginning  of  the  Eocene  there  was  an  extensive  continental  period,  but 
that  there  was  a  subsidence  at  the  end  of  the  Eocene  and  in  the  Oligocene,  and 
then  again  an  uplift  at  the  end  of  the  Oligocene  and  in  the  Miocene.  The  latter 
is  just  the  opposite  movement  from  what  is  known  for  Cuba.  It  is  quite  likely 
that  a  ditferent  fate  is  to  be  assumed  for  the  different  islands,  and  it  seems  that 
Spencer's  idea  of  contemporaneous  subsidence  or  elevation  of  the  whole  region 
between  North  and  South  America  is  entirely  wrong;  the  orogenetic  movements 
and  the  changes  of  level  connected  with  them  were,  after  the  first  great  subsi- 
dence of  the  Caribbean  basin,  more  or  less  local  and  affected  only  limited  parts, 
so  that  at  the  same  time  we  may  have  had  opposite  movements  in  different  sec- 
tions of  this  region. 
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northern  parts  of  South  America  ( Archiguiana)  once  formed,  during 
Mesozoic  times,  a  part  separated  from  the  rest  of  South  America, 
which,  however,  continued  eastward  across  the  Atlantic  Ocean 
connecting  with  Africa.  Fernando  Noronha  and  St.  Helena  are 
remnants  of  this  land-bridge,  which  he  calls  by  the  name  of  Arch- 
■helenis.  This  connection  was  destroyed,  according  to  von  Ihering, 
in  the  Eocene,  or,  at  any  rate,  not  later  than  in  the  Oligocene. 

To  the  numerous  instances  quoted  by  von  Ihering  in  support  of 
his  theory  the  distribution  of  the  family  of  the  Potamonidct  adds 
another  one,  and  the  fact  that  two  different  subfamilies  are  found 
in  the  Old  and  the  New  Worlds,  and  that  the  affinities  of  the  Ameri- 
can forms  with  those  of  Africa  and  Asia  are  somewhat  obscure, 
indicates  that  the  connection  of  both  is  to  be  regarded  as  an  old 
one  and  that  it  has  been  severed  long  ago.  Therefore  its  existence 
in  Mesozoic  times  and  destruction  in  the  beginning  of  the  Terti- 
ary, as  maintained  by  von  Ihering,  has  much  in  its  favor. 

Taking  up  the  geological  side  of  this  question,  we  first  hajre  the 
broad  Jurassic  connection  between  Africa  and  South  America 
assumed  by  Neumayr  (1890).  According  to  this  author,  and  also 
according  to  Suess  (1888,  p.  677  ff ),  the  whole  of  the  southern 
Atlantic  Ocean  ^did  not  exist  neither  during  the  Jurassic  nor 
during  the  older  Cretaceous  (Naumayr,  /.  r.,  p.  376),  since  no 
traces  of  deposits  belonging  to  these  periods  are  found  in  West 
Africa  or  on  the  eastern  shores  of  South  America  It  was  not  until 
the  beginning  of  the  Upper  Cretaceous  that  sea  washed  the  eastern 
parts  of  Brazil  (/.  r.,  p.  389).  But  the  connection  of  both  conti- 
nents persisted  even  then,  although  in  a  limited  degree,  and  dis- 
appeared entirely  as  late  as  after  the  beginning  of  the  Tertiary  (/.  ^., 
P-  397)-  Its  last  remnant  (/.  r.,  p.  493)  was  formed  by  a  chain  of 
islands  which  extended  in  the  Oligocene  from  tropical  Africa  to 
South  America  and  the  West  Indies. 

This  view,  however,  is  not  accepted  by  Koken.  In  his  map 
(1893,  P^'  ^)  ^^  Cretaceous  continents  of  South  America  and 
Africa  are  absolutely  separated  in  the  earlier  as  well  as  in  the  later 
part  of  this  period,  and  the  Atlantic  coast  lines  of  both  generally 
agree  with  the  present  ones.  In  the  older  Tertiary  Koken  (pi.  2) 
draws  an  island  chain  (BraziloEthiopian  islands)  from  the  West 
Indies  to  Africa. 

As  far  as  it  refers  to  the  Cretaceous  period,  Koken  seems  to  be 
mistaken.     Although  formerly  it  was  supposed  that  Lower  Creta- 
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ceous  deposits  are  found  in  West  Africa,  it  was  soon  recognized  * 
that  the  respective  beds  are  younger,  and  are  certainly  not  older, 
than  the  Middle  Cretaceous  (in  Cameroon);  and  especially  Kossmat 
(1895)  ^^  demonstrated  that  the  Cretaceous  beds  of  West  Africa 
(Angola,  Elobi  Islands,  etc.)  belong  to  the  Middle  and  possibly 
the  Upper  Cretaceous  (Cenomanian  and  Lower  Senonian),  and 
that  they  unmistakably  possess  a  South  Indian  character,  being 
connected  probably  around  the  Cape  of  Good  Hope  with  the  Indian 
Ocean.  According  to  Kossmat,  also  the  Brazilian  Upper  Creta- 
ceous deposits  in  Sergipe,  Pernambuco,  etc.,'  are  of  the  South  Indian 
type.  Farther  north,  on  the  coasts  of  Morocco  and  Algiers, 
typical  Mediterranean  Cretaceous  beds  are  present.  The  upper- 
most Cretaceous  beds  of  Angola,  however,  are  said  to  exhibit 
traces  of  the  influence  of  the  Mediterranean  province  (Kossmat,  p. 

465). 

According  to  these  facts  we  are  to  form  the  following  idea  as  to 
the  destruction  of  the  old  Brazilo- Ethiopian  continent:  It  existed 
in  its  full  development  during  the  Jurassic  and  in  the  beginning  of 
the  Cretaceous  time,  being  the  western  remnant  of  the  old  Paleo- 
zoic Gondwana  Land,  and  probably  it  had  the  extension  assigned  to 
it  by  Neumayr — that  is  to  say,  it  connected  Africa  with  the  north- 
ern as  well  as  with  the  southern  parts  (Brazil)  of  South  America. 
In  the  middle  of  the  Cretaceous  time  the  southern  Atlantic  Ocean 
was  formed  and  the  sea  extended  from  the  south  (connected  around 
the  Cape  of  Good  Hope  with  the  Indian  Ocean)  toward  the 
equator.  About  the  same  time,  or  rather  a  little  later  (in  the 
Upper  Cretaceous),  a  branch  of  the  new  South  Atlantic  extended 
into  what  is  now  the  valley  of  the  Amazonas  river,  separating  the 
southern  part  of  the  Brazilian  mass  from  the  northern  (Guiana) 
(compare  below).     But  Guiana  remained  connected  with  Africa 

>  See  Koenen,  A.  von,  in  Abh,  Ges,  Wist,  Goettingen^  Ser.  2,  VoL  I,  1897 » 
1898. 

»  Described  by  White  {Arch.  Afus.  Rio  Janeiro,  Vol.  7,  1888).  Although 
some  of  these  beds  (marine  beds  in  Sergipe  and  Parahyba)  are  without  any 
doubt  Upper  Cretaceous,  Branner  (^Canadian  Meeting  Americ,  Instit,  Min, 
Engin.,  1900,  p.  17  f.,  and  Bull,  Geol,  Hoc,  America,\o\.  13,  I902)  has  lately 
demonstrated  that  other  marine  sediments  in  Strgipe,  Alagoas,  Pemarobuco 
Parahyba,  Rio  Grande  do  Norte  and  Par&  belong  to  the  Eocene  Tertiary  (I902, 
pp.  47, 64, 85, 91, 96),  and  also  that  the  freshwater  deposits  of  the  Bahia  ba&in  are 
probably  Eocene  (1900,  p.  18). 
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and  this  restricted  land -bridge  going  across  the  middle  part  of 
the  Atlantic  existed  probably  during  the  rest  of  the  Cretaceous 
time  and  was  not  destroyed  until  the  beginning  of  the  Tertiary,  a 
chain  of  islands  remaining  as  late  as  the  Oligocene. 

This  means,  with  respect  to  our  freshwater  crabs,  that  their  age 
goes  back  at  least  to  the  Upper  Cretaceous.  During  this  period  the 
last  remnant  of  the  continental  connection  between  Africa  and 
Guiana  still  existed,  and  the  absence  of  PotamonidcE  in  South 
America  south  of  the  Amazonas  valley  further  substantiates  this 
assumption,  that  these  crabs  did  not  reach  South  America  prior  to 
the  Upper  Cretaceous,  when  the  main  part  of  Brazil  also  took  part 
in  this  old  continental  connection.  Aside  from  this  fact,  we  have 
the  consideration  that  it  is  not  very  likely  that  the  age  of  the  fresh- 
water crabs  goes  far  back  in  Cretaceous  times.  Although  we  have 
no  definite  information  as  to  the  latter  point,  we  may  say,  frona  a 
morphological  standpoint,  that  the  Fotamonidce  represent  a  pecu- 
liarly specialized  side  branch  of  primitive  Cyclometopa,  ^yalpnti- 
topa  existed  in  the  beginning  of  the  Cretaceous,  but  were  rare. 
Thus  an  Upper  Cretaceous  age  of  the  Fotamonidce  is  admissible. 

The  subsequent  fate  of  the  Fotamonidce  in  South  and  Central 
America,  after  they  immigrated  (or  originated)  in  these  parts  in  the 
later  Cretaceous,  will  be  discussed  in  the  next  chapter. 

8.    THE    MUTUAL      RELATIONS      OP      NORTH,     CENTRAL      AND      SOUTH 

AMERICA. 

Aside  from  the  peculiarities  in  the  distribution  of  the  freshwater 
Decapods  of  America,  discussed  above,  there  are  several  other 
features  which  need  explanation.  They  are  the  following  (see  pp. 
295.  296,  309): 

1.  The  remarkable  restriction  of  the  genus  Fotamobius  to  the 
western  parts  of  North  America,  while  Cambarus  is  found  in  the 
east  and  south  (Mexico). 

2.  The  southern  limit  of  the  range  of  Cambarus. 

3.  The  distribution  of  the  Fotamocarcinince  over  the  West  Indies, 
Central  America  and  the  northern  parts  of  South  America ;  their 
presence  in  the  mountains  of  Ecuador  and  Peru  and  their  absence 
in  Brazil  south  of  the  Amazonas. 

4.  The  peculiar  shape  of  the  areas  of  Parastacus  and  ^glea^ 
-which  are  almost  identical,  and  extend,  in  the  subtropical  and  tem- 
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perate  parts  of  South  America,  from  the  Pacific  to  the  Atlantic 
Ocean,  but  do  not  extend  into  the  tropical  parts. 

In  order  to  arrive  at  an  understanding  of  these  points  it  will  be 
necessary  to  investigate  the  history  of  the  origin  and  the  mutual 
relations  of  North,  Central  and  South  America.  It  is  generally 
conceded  that  these  three  parts  have  undergone  various  changes, 
but  as  regards  the  details  there  is  much  discussion  and  erroneous 
ideas  prevail.  It  will  hardly  be  possible  in  the  following  to  give 
satisfactory  answers  to  all  of  these  questions,  but  we  shall  endeavor 
to  collect  all  that  is  known  as  relating  to  the  geological  history, 
and  we  shall  thus  try  to  get  an  idea  of  the  most  prominent  features 
of  the  history  of  the  origin  of  the  Americas.* 

That  America  consists  of  three  masses  differing  tectonically  is 
well  known.  The  nucleus  of  North  America  is  formed  by  an  old 
northern  and  eastern  mass — the  *'  Canadian  shield"  and  the  folded 
ranges  to  the  south  of  it.  The  parts  to  the  west  of  these  were  sub- 
ject to  various  oscillations  during  Paleozoic  and  Mesozoic  times, 
and  finally  the  elevation  of  the  chain  of  the  Rocky  Mountains, 
running  in  a  north-southerly  direction,  resulted  in  the  present  con- 
figuration of  North  America. 

Central  America  (including  the  northern  coast  of  South  America) 
consisted  in  older  times  of  a  system  of  old  rangeswith  east-westerly 
strike,  forming  probably  an  old  Paleozoic  and  Mesozoic  continent 
(Antillean  continent),  which  was  destroyed  at  the  end  of  the  Meso- 
zoic time.  Since  then  Central  America  and  the  West  Indies  are 
composed  only  of  the  remnants  of  this  continent,  which  in  turn 
have  undergone  various  changes. 

South  America  consisted  formerly  of  the  old  Brazilian  plateau, 
which  probably  was  part  of  old  Gondiyana  Land  (Australia,  Africa, 
South  America).  The  high  moumain  chains  of  the  Cordilleras  in 
the  west  did  not  exist  for  a  long  time,  and  this  region  was  covered 
by  sea  probably  up  to  near  the  end  of  the  Mesozoic  time.  The 
elevation  of  the  Cordilleras  began  at  the  end  of  the  Cretaceous  and 
continued  during  the  Tertiary. 

The  present  connection  of  the  three  Americas  did  not  always 

1  We  shall  disregard  all  those  questions  which  are  not  connected  with  and 
illustrated  by  the  distribution  of  the  freshwater  Decapods — for  instance,  the  sup- 
posed former  connection  of  North  and  Northeast  America  with  Europe. 
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exist,  and  was  not  brought  about  until  the  mutual  relations  had  gone 
through  various  and  entirely  different  stages. 

a.  North  America. 

If  we  want  to  get  an  idea  of  the  configuration  of  North  America 
during  Mesozoic  times,  we  have  to  consult  in  the  first  line  Neu- 
mayr's  well-known  map  (1890).  According  to  this,  in  the  Jurassic, 
the  northern  and  eastern  parts  of  North  America  formed  a  conti- 
nental mass,  which  extended  well  to  the  west  (Utah  peninsula), 
while  the  northwest  was  covered  by  the  sea  that  separated  America 
from  Northeastern  Asia.  At  the  same  time  this  continent  (Nearc- 
tic)  was  bounded  by  sea  to  the  south,  Mexico  and  the  West  Indies 
being  submerged.*  This  representation,  however,  needs  correction, 
chiefly  as  regards  the  West  Indies,  as  we  have  seen  above. 

Differing  but  little  from  the  view  taken  by  Neumayr  is  that  of 
Koken  (1893,  P^-  ')  ^^^^  respect  to  the  Lower  Cretaceous  period; 
but  here  the  land  extends  considerably  to  the  northwest  and 
includes  parts  of  Mexico,  a  conception  which  is  also  to  be  modi- 
fied, as  we  shall  presently  see. 

The  general  history  of  North  America  during  the  Cretaceous 
period  is  best  represented  by  Dana  (1895,  pp.  813,  874,  881). 
According  to  him.  Western  North  America  was  largely  land  during 
the  Lower  Cretaceous  and  continuous  with  the  rest.  In  the  Upper 
Cretaceous,  however,  chiefly  in  its  earlier  part,  a  central  depression 
became  evident,  which  extended  from  the  south  (Gulf  of  Mexico) 
northward  and  possibly  reached  the  Arctic  Ocean,  dividing  the 
continent  into  an  eastern  and  a  western  half.  The  western  half,  as 
we  have  seen  above  (p.  318),  became  connected  across  Bering  Sea 
with  Asia  at  about  this  time.'  At  the  end  of  the  Cretaceous 
(Laramie)  and  in  the  beginning  of  the  Tertiary  an  extended  eleva- 
tion began,  which  culminated  in  the  formation  of  the  Rocky  Moun- 
tains, and  by  this  process  the  interior  Cretaceous  sea  became  land 
again,  which  resulted  in  the  reconnection  of  Western  and  Eastern 
North  America.  But,  although  there  was  a  geographical  union, 
Eastern  and  Western  North  America  remained  separated  bionomi- 

*  Compare,  also,  Logan,  W.  N.,  in  Journ.  of  Geology y  Vol.  8,  I900,  but  here 
the  Jurassic  ocean  of  the  Northwest  is  considerably  reduced  in  size  and  repre- 
sented only  by  a  shallow  bay. 

*  Temporarily  the  Cretaceous  sea  of  the  interior  was  connected  in  British  Co- 
lumbia with  the  Pacific  (see  Kossmat,  1895,  p.  474). 
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cally,  the  Upper  Cretaceous  sea  barrier  being  replaced  by  a  barrier 
formed  by  the  Rocky  Mountains.' 

Looking  now  toward  Mexico  and  its  continuation  southward,  we 
shall  refer  in  the  first  place  to  the  papers  of  Hill  (1893  ^^^  1898). 
The  history  of  Mexico  in  Pre-Cretacegus  times  is  very  obscure. 
Possibly  it  was  covered  by  sea,  as  is  also  assumed  by  Neumayr,  in 
the  Jurassic,  at  least  in  part  (Hill,  1898).  But  it  seems  to  be  well 
established  that  in  the  Lower  Cretaceous  (Hill,  1893)  almost  all  of 
Mexico  was  submerged  from  the  Atlantic  to  the  Pacific  side.  This 
Lower  Cretaceous  sea  was  limited  on  the  north  by  the  southern 
coast  of  the  North  American  continent,  which  extended  from  the 
old  Appalachian  region  across  the  present  Indian  Territory  and 
New  Mexico  to  the  Mexican  province  of  Sonora.' 

In  the  middle  of  the  Cretaceous  period  (at  the  end  of  the 
Comanche  series,  Gault)  a  large  part  of  Mexico  became  land, 
forming  a  southern  continuation  of  the  western  part  of  North 
America,  which  was  separated  in  the  Upper  Cretaceous  from  the 
eastern,  and  which  therefore  extended  from  British  Columbia*  to 
the  Isthmus  of  Tehuantepec.  This  strip  of  land  formed  during  this 
period  a  very  important  barrier,  separating  the  marine  faunas  of 
the  Pacific  and  Atlantic  Oceans.  While  both  faunas  were  more  or 
less  connected  during  the  Lower  Cretaceous  across  Mexico,  they 
became  separated  later  and  never  again  communicated  in  this 
region. 

The  Isthmus  of  Tehuantepec  consists,  according  to  Spencer,*  of 
the  identical  Lower  Cretaceous  deposits  found  in  Mexico,  and, 
further,  according  to  Sapper,*  Cretaceous  rocks  are  found  in  the 

1  This  barrier  was  probably  emphasized  by  the  development  of  desert  condi- 
tions in  and  at  the  foot  of  this  mountain  range.  Compare  Scott,  W.  B.,  An  In- 
troduction to  Geology,  1897,  p.  500:  "Probably  the  upheavals  at  the  end  of  the 
Bridge  r  and  at  the  end  of  the  Eocene  had  made  the  climate  much  drier  by  cut- 
ting off  the  moisture-laden  winds.'* 

^  In  1898  (pp.  243  and  259)  Hill  qualifies  his  views,  and  says  that  it  is  doubt- 
ful whether  the  whole  country  (Mexico)  was  entirely  submerged  at  anyone  time 
during  this  period.  He  thinks  it  was  a  mere  shifting  of  the  barrier  betweea  the 
Atlantic  and  Pacific.  Compare,  also,  Stanton,  T.  W.,  in  Journ,  of  Geology ,  Vol. 
3,  1895.  p.  861. 

3  And  these  parts  must  have  been  connected,  as  we  have  seen  above,  with 
Noriheastern  Asia. 

*  Bull.  Geolog.  Soc.  America,  Vol.  9,  1897. 

s  fioll.  Instit.  GcoL,  Mexico,  Vol.  3.  1896. 
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Mexican  State  of  Chiapas,  which  adjoins  Guatemala.  As  regards 
Guatemala,  we  know  that  here  old  rocks  appear  which  belong  to 
the  system  of  the  Antillean  continent  (see  above,  p.  342).  Thus  we 
have  reason  to  assume  that,  while  Mexico  was  covered  by  the  Lower 
Cretaceous  seas  which  separated  North  and  Central  America,  this 
whole  region  became  land  at  about  the  middle  of  the  Cretaceous, 
thus  effecting  a  connection  of  Western  North  America  with  Central 
America  (Guatemala)  or  with  the  old  Antillean  continent.  This 
seems  to  be  also  the  view  of  Hill,  and  he  likewise  believes  that  this 
connection  was  never  subsequently  interrupted.' 

The  result  of  the  foregoing  discussion  is  that  during  the  Jurassic, 
and  especially  during  the  Lower  Cretaceous,  North  America  formed 
a  unit,  which  was  separated  from  Asia  and  which  was  also  circum- 
scribed by  a  shore  line  in  the  south,  being  disconnected  from 
Central  America.  In  the  middle  part  of  the  Cretaceous  Mexico 
was  elevated,  and  this  new-formed  land  connected  the  western  part 
of  North  America  with  the  Antillean  continent.  At  about  the 
same  time  a  connection  of  Western  North  America  with  Northeast- 
ern Asia  was  established  (by  way  of  Bering  Sea),  and  the  Mexican 
Gulf  extended  northward,  separating  Western  from  Eastern  North 
America. 

Thus  ue  have^  in  the  Upper  Cretaceous y  a  strip  of  land  extemling 
from  Northeastern  Asia  over  Bering  Sea  and  over  the  western  side 
of  North  America  to  Mexico  and  the  Antillean  continent.  Eastern 
Nofth  America  was  separated  from  this  strip. 

In  the  beginning  of  the  Tertiary  Eastern  North  America  became 
reunited  to  this  western  section. 

At  the  end  of  the  Tertiary  the  Beringian  connection  with  Asia  was 
interrupted  (^^tt^  above,  p.  31.7). 

This  would  lead  us  for  our  Crustaceans  to  the  following  conclu- 
sions: We  have  seen  above  (p.  319)  that  at  any  time,  beginning  in 
the  Upper  Cretaceous,  Potamobius  may  have  invaded  the  western, 
parts  of  North  America.     This  is  again  supported  by  the  preceding 

1  See  Hill,  1893,  p.  323.  Spencer  (1897)  assumes  that  there  was  a  reestab- 
lishment  of  the  connection  of  the  Atlantic  and  Pacific  Oceans  across  the  I>thmus 
of  Tehuantcpec  in  late  Tertiary  times.  The  evidence  for  it,  however,  is  entirely 
insufficient.  The  gravels  found  on  the  passes  of  the  isthmus  are  of  no  value, 
since  their  marine  character  has  not  been  demonstrated.  Compare,  also,  Hill, 
1898,  p.  262,  footnote. 
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considerations,  in  so  far  as  it  is  confirmed  that  Poiamobius  cannot 
have  been  present  in  North  America  during  the  Lower  Cretaceous, 
otherwise  the  remarkable  restriction  to  the  west  would  be  inexplic- 
able. But  the  genus  must  have  immigrated  during  the  Upper  Cre- 
taceous, since  fossil  remains  of  Potamobiida^  are  known  from  the 
Eocene  of  North  America.  This  latter  fact,  therefore,  narrows 
down  the  time  of  immigration  to  more  definite  limits  (those  of  the 
Upper  Cretaceous),  and  at  the  same  time  explains  its  restriction  to 
the  west.  During  this  period  the  western  parts  of  the  country 
were  separated  from  the  eastern  by  sea.  At  the  same  time  there 
was  a  possibility  for  the  crayfishes  to  reach  Mexico,  and  it  is  easily 
understood  that  Poiamobius  then  sent  a  branch  southward,  which 
subsequently  developed  on  the  Mexican  plateau  into  Cambams. 
After  this,  in  the  beginning  of  the  Tertiary,  Cambarus  had  a  chance 
to  migrate  by  way  of  Texas  into  Eastern  North  America,  where  it 
reaches  its  culmination  in  the  present  time. 

The  a>orphological  differentiation  of  Cambarus  from  Poiamobius 
probably  took  place  in  the  beginning  of  the  Tertiary,  after  the 
ranges  of  these  genera  had  become  separated.  This  separation  is 
apparently  due  to  a  climatic  change  in  the  region  between  Mexico 
and  central  California,  where  desert  conditions  developed.  This 
desert  climate  is  not  so  pronounced  on  the  eastern  side  of  the  con- 
tinent, near  the  Atlantic  coast  in  Texas,  and,  consequently,  the  area 
of  Cambarus  is  not  here  interrupted  between  Mexico  and  the 
United  States.  A  subsequent  connection  of  the  ranges  of  Poiamo- 
bius and  Cambarus  in  the  interior  of  North  America  (in  the  region 
of  the  Rocky  Mountains  and  the  plains  adjacent  to  their  eastern 
slope)  was  impossible  on  account  of  the  topographic  and  climatic 
barrier  existing  there  in  Tertiary  times,  which  has  been  mentioned 
above  (p.  354).  The  Rocky  Mountains  themselves  and  the  arid 
regions  are  not  favorable  for  the  freshwater  crayfishes.  Thus  the 
areas  of  both  genera  remained  separated,  and  only  in  one  case  a 
species  {P.  gambeii)  has  crossed  the  continental  divide  in  the 
region  of  the  Yellowstone  National  Park.  This,  however,  is  very 
likely  due  to  the  capturing  of  streams  that  originally  belonged  to 
the  Pacific  slope  by  the  Yellowstone  river. 

b,   Ceniral  America. 

The  tectonic  unity  of  the  old  Archaic  and  Paleozoic  rocks  known 

1  Cambarus  primceuus  of  Packard,  from  the  Eocene  of  Western  Wyoming, 
which  is,  however,  according  to  Faxon  (1885,  p.  155),  rather  a  Potamobius, 


1902]  AND   ANCIENT   GEOGRAPHY.  357 

from  Guatemala  to  Venezuela  is  also  emphasized  by  Hill  (1898,  p. 
239  ff.)>  and  he  also  thinks  that,  during  Mesozoic  times,  a  continu- 
ous continental  mass  may  have  existed  here,  which  reached  as  far 
as  Trinidad.  We  have  seen  above  that  the  destruction  of  this  con- 
tinent was  probably  due,  in  the  first  place,  to  the  formation  of  the 
Caribbean  depression,  at  the  end  of  the  Cretaceous.  This  also 
agrees  with  Hill's  view  (1898,  p.  260  f.)  that  during  the  whole  of 
the  Cretaceous,  or  at  least  during  the  larger  part  of  it,  the  Atlantic 
and  the  Pacific  Oceans  were  separated  in  the  region  of  Central 
America — that  is  to  say,  that  there  was  a  land  connection  between 
the  northern  parts  of  Central  America  and  northern  South  America. 
But,  according  to  Hill,  this  connection  is  not  identical  with  the 
present  isthmian  region,  but  was  situated  chiefly  to  the  west  of  it. 

We  have  nothing  to  say  against  a  western  extension  of  this 
Cretaceous  land  (which  probably  extended  as  far  as  the  Galapagos 
Islands),  but  we  believe  that  the  isthmian  region  and  the  present 
Caribbean  Sea  also  were  land  during  this  time  ;  the  main  point  is, 
that  there  was  a  connection  between  Guatemala,  Honduras,  Nica- 
ragua, and  the  Greater  Antilles  on  the  one  side,  and  northern 
Venezuela  on  the  other. 

These  conditions  changed  considerably  during  the  Tertiary. 
First,  the  Caribbean  Sea  was  formed,  and  possibly  it  extended 
farther  to  the  west  and  southwest  than  it  does  now.  At  least,  parts 
of  the  present  land-bridge,  the  Isthmus  of  Panama,  were  covered 
entirely  by  sea  in  the  earlier  Tertiary,  and  that  this  sea  reached 
from  the  present  Caribbean  Sea  across  to  the  Pacific  is  beyond  doubt. 
In  the  first  line,  the  part  through  which  the  Panama  canal  is  to  be 
built  is  composed  entirely  of  deposits  that  are  not  older  than 
Eocene  and  Oligocene  (Hill,  1898,  p.  236),  and  this  well  agrees 
with  the  investigations  of  Douvill^,^  and  Bertrand  and  Zurcher  :*  the 
Old  Tertiary  sea  (Eocene  and  Oligocene)  must  have  here  extended 
entirely  across  the  isthmus,  from  the  Atlantic  to  the  Pacific. 

The  same  seems  to  be  true  for  the  Nicaragua  canal.  According 
to  Hayes,*  there  are  no  rocks  along  this  route  that  are  older  than 
Tertiary,  and  the  Tertiary  deposits  probably  belong  to  the  Eocene 
and  Oligocene.      The   remarkable  discovery  has  been  made  that 

*  C  R.  Soc,  geolog.  France y  1 898. 

'  Bertrand,  M.  et  Zurcher,  O.  Etude  geologique  sur  P Isthmede  Panama^  ^899. 
'  Hayes,  C.  W.,  "  Physiography  and  Geology  of  Region  Adjacent  to  the  Nic- 
aragua Canal  Route  "  i^BuU.  Geol.  Soc.  America,  Vol.  10,  1899). 
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sediments  on  the  Pacific  side  contain  the  same  fossils  as  the  corre- 
sponding ones  on  the  Caribbean  side,  which  is  an  important  addi- 
tion to  Hill's  observations. 

Between  these  depressions  of  the  isthmian  region,  filled  out  by 
older  Tertiary  deposits,  there  are  Archaic  rocks  at  various  places ; 
we  know  of  such  not  only  from  Guatemala  and  Honduras,  but  also 
from  northern  Nicaragua  (Hayes),  Costa  Rica  (Hill,  Hayes),  and 
even  farther  east,  beyond  the  Panama  canal,  in  the  Cordilleras  of 
San  Bias.  Thus  it  seems  that  the  present  isthmus,  from  Nicaragua 
to  Colombia,  consisted  during  the  older  Tertiary  of  a  series  of 
islands  separated  by  ocean  straits. 

According  to  the  unanimous  opinion  of  Hill,  Hayes,  Bertrand 
and  Zucher  and  others,  these  straits  (Nicaragua  and  Panama) 
became  dry  in  the  Middle  Tertiary,  /.^.,  in  the  Miocene,  and,  con- 
sequently, the  connection  of  North  and  South  America  was  then 
established. 

Although  this  Eocene  and  Oligocene  communication  of  the 
oceans  is  admitted  by  Hill,  he  is  inclined  to  minimize  its  import- 
ance. Moreover,  he  assumes  (1898,  p.  263)  that  to  the  southward 
and  westward,  toward  the  Pacific,  a  large  land  mass  must  have 
existed,  from  which  the  material  of  the  marine  deposits  of  the 
isthmus  was  derived,  and,  further,  he  believes  that  this  land  mass 
chiefly  extended  in  a  north-southerly  direction,  probably  connect- 
ing North  and  South  America.  I  think  we  do  not  need  this  land, 
and  even  if  we  accept  its  existence,*  it  hardly  formed,  in  the  earlier 
Tertiary,  a  connection  of  the  Americas.  Be  that  as  it  may,  the 
insular  elevations  of  the  isthmus,  and  the  masses  of  old  rocks  to  the 
north  of  it,  in  Nicaragua,  Guatemala,  Honduras,  and  in  the 
supposed  connecting  land  with  Jamaica  and  Cuba  (see  above,  p.  347), 
were  in  our  opinion  sufficient  to  furnish  material  for  those  Old  Ter- 
tiary sediments  in  the  isthmian  region.*     On  the  other  hand,  any 

>  Since  we  need,  as  I  most  emphatically  believe,  a  connection  with  GaUipagos 
Islands;  this  subject,  however,  is  outside  of  the  present  question. 

^  Hill  himself  (1898,  p.  263)  discusses  the  idea  that  the  land  to  the  north  of  the 
isthmuj  may  have  furnished  the  material,  but  dismisses  it,  since  here  **we  are 
confroiied  by  great  depths."  Now,  in  my  opinion,  great  depths  are  no  funda- 
mental objection,  and  just  in  this  cise  the  character  of  the  sea  bottom  in  the 
region  between  Honduras,  Jamaica,  Cuba  and  Hayti  indicates  that  important 
disturbances  have  occurred  here,  and,  in  the  Brst  place,  the  deep  submarine  rift 
valley,  known  as  "  Bartlett  deep,"  may  be  of  a  very  recent  age. 
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land  mass  to  the  south  and  west  of  the  isthmus  cannot  have  formed  an 
Old  Tertiary  barrier  completely  separating  both  oceans,  since  we 
need  an  interoceanic  communication  during  this  time,  as  we  shall 
presently  see. 

Our  opinion  is,  that  during  the  Cretaceous  there  was  a  connection 
between  northern  Central  America  and  northern  South  America^  the 
Antillean  continent  still  being  more  or  less  intact.  At  the  beginning 
of  the  Tertiary,  howeiter,  and  after  the  formation  of  the  Caribbean 
Sea,  an  oceanic  connection  existed  between  the  Atlantic  and  Pacific 
in  the  isthmian  region,  and  this  communication  existed  up  to  the 
Miocene,  separating  North  and  South  America.  But  afterward, 
beginning  in  the  Miocene,  the  isthmus  was  elevated,  reconnecting  the 
separated  chief  remnants  of  the  Antillean  continent,  and  at  the  same 
time  North  and  South  America.  The  Atlantic  and  Pacific  Oceans 
were  separated,  and  never  again  communicated^  either  here  or  else- 
where} 

We  here  arrive  at  a  result  which  differs  considerably  from  von 
Ihering's  ideas  as  to  the  relations  of  North  and  South  America : 
von  Ihering  believes  (1894,  p.  405)  that  both  continents  were  sepa- 
rated by  Cretaceous  sea,  and  that  Central  America  was  entirely 
submerged  at  this  time  ;  the  origin  of  the  Isthmian  land-bridge  is 
also  placed  by  von  Ihering  in  the  Miocene. 

For  our  Crustaceans,  we  are  to  draw  from  this  the  following  con- 
clusions : 

The  presence  of  Potamocarcinince  in  the  present  continental  parts 
of  the  old  Antillean  continent,  in  Nicaragua,  Guatemala  (to  which 
we  must  add  the  southern  parts  of  Mexico),  the  isthmian  region  and 
Venezuela,  is  due  to  the  Cretaceous  connection  of  these  parts  \  the 
presence  of  the  genus  Epilobocera  in  the  Greater  Antilles  is  due  to 
the  former  connection  of  these  islands  with  the  mainland,  and 
belongs  to  the  same  land  period,  or  to  the  continuation  of  it  in  the 
earlier  part  of  the  Tertiary.     After  the  separation  of  the  Greater 

>  This  idea  well  agrees  with  the  character  of  the  present  Atlantic  and  Pacific 
marine  littoral  faunas  in  the  Central  American  region.  These  faunistic  facts  ar^ 
often  incorrectly  represented  and  understood,  and  Hill's  argument  against  the 
importance  of  the  interoceanic  communication  in  older  Tertiary  times  is  based 
vpon  such  a  misunderstanding.  I  have  studied  this  question  chiefly  with  refers 
ence  to  the  marine  Decapod  Crustaceans,  and  shall  give  below  a  correct  repre- 
sentation of  the  actual  conditions  of  the  faunal  relations  of  both  oceans.  See 
Appendix. 
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Antilles  from  the  mainland,  there  was  left  on  these  islands  an  iso- 
lated stock  of  primitive  freshwater  crabs,  now  known  under  the 
name  of  Epilobocera,  On  the  mainland,  these  primitive  forms  dis- 
appeared, or  changed  into  what  is  now  known  as  the  genus  Potamo- 
carcinus^  and  although  in  the  beginning  of  the  Tertiary  the  conti- 
nental range  of  this  genus  was  much  cut  up,  chiefly  in  the  region  of 
the  isthmus,  the  different  parts  were  reunited  in  the  Miocene,  form- 
ing a  unit  that  extended  from  northern  Central  America  to  Trinidad 
and  Guiana.  This  explains  the  uniform  distribution  oi  Potamocar- 
cinus  over  this  region.  In  the  later  Tertiary  we  had  a  second  union 
of  the  Greater  Antilles  with  northern  Central  America,  which 
explains  the  immigration  of  identical  species  of  Potamocarcinus 
from  Mexico  into  Cuba  and  Hayti.  The  Lesser  Antilles  were 
probably  connected  in  the  later  Tertiary  with  Venezuela,  and  a 
species  of  freshwater  crabs  reached  them  by  this  way. 

c.  Relation  of  Venezuela  to  the  rest  of  South  America.  The 
Orinoco  Valley. 

The  northern  coast  range  of  Venezuela  belongs,  as  has  been 
stated,  to  Central  America.  To  the  south,  on  the  slope  toward  the 
Orinoco,  it  is  fringed  by  extensively  developed  Cretaceous  deposits, 
which  are  also  known  from  Trinidad  in  a  similar  position.  These 
deposits  are  said  to  belong  to  the  Lower  Cretaceous  (Suess,  1885, 
p.  688),  and  to  extend  westward  far  into  Colombia.  To  the  south 
of  this  zone,  in  Venezuela,  there  are  (Suess,  ibid.)  younger  Tertiary 
marine  beds,  which,  in  part,  enter  this  region  through  a  depression 
extending  southward  from  the  Bay  of  Barcelona  on  the  northern 
coast  of  Venezuela. 

This  would  indicate  that  during  the  Lower  Cretaceous,  the  old 
Antillean  continent  was  bounded  on  the  south  by  sea  (see  above,  p. 
343)1  which  separated  it  from  the  old  granitic  masses  of  Guiana. 
The  apparent  lack  of  Upper  Cretaceous  deposits,  with  the  excep- 
tion of  a  small  region  of  western  Venezuela,  points  to  the  assumption 
that  at  the  end  of  the  Mesozoic  time  (Upper  Cretaceous)  both 
regions  were  connected.  Then  again,  in  the  later  Tertiary,  they 
were  separated,  at  least  in  part,  by  sea  that  entered  into  the 
Orinoco  valley  (Suess,  1888,  p.  161). 

Tlie  Lower  Cretaceous  sea  not  only  separated  Venezuela  and 
Guiana,  but  apparently  continued  westward,  into  Colombia, 
Ecuador  and  Peru.     Indeed,  there  are  in  the  western  chain  of  the 
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Cordilleras  in  Peru  and  Bolivia  many  exposures  of  old  (Archaic  and 
Paleozoic)  rocks ;  but  the  fact  that  in  this  region  ( from  Colombia 
to  Bolivia)  Lower  Cretaceous  of  the  Mediterranean  type  has  been 
discovered  right  in  the  Cordilleras/  renders  it  possible  that  those 
older  rocks  were  originally  covered  by  Mesozoic  deposits,  which 
were  removed  subsequently  by  erosion  ;  and  this  is  also  the  view  of 
Suess  (1885,  p.  684,  and  1888,  p.  683),  since  he  takes  it  for 
granted  that  the  Cretaceous  beds  of  the  Upper  Amazonas  (and 
Orinoco)  valley  once  continued  across  the  whole  continent  to  the 
Pacific  Ocean. 

Thus  there  would  result,  in  Lower  Cretaceous  times,  a  complete 
separation  of  Central  from  South  America  by  a  sea,  which  extended 
from  the  region  of  the  mouth  of  the  Orinoco  westward  to  Ecuador 
and  Peru,  connecting  the  Atlantic  and  Pacific  Oceans :  in  the  Upper 
Cretaceous,  however ^  Guiana  was  united  with  Venezuela, 

The  Potamocarcininct,  which,  as  we  have  seen  above  (p.  351), 
arrived  in  Guiana  in  the  Upper  Cretaceous  (by  way  of  the  connec- 
tion with  Africa),  found  at  this  same  time  a  land  connection  with 
the  northern  parts  of  Venezuela,  and  generally  with  the  Antillean 
continent,  and  this  explains  their  general  distribution  over  Central 
America  and  the  West  Indian  region,  as  set  forth  above  (p.  308), 
and  the  origin  of  this  distribution  consequently  falls  in  the  Upper 
Cretaceous. 

d.  South  America. 

The  separation  and  isolation  of  South  America  from  Central, 
resp.  North  America  during  Mesozoic  times  as  well  as  in  the  begin- 
ning of  the  Tertiary,  forms  the  fundamental  idea  of  von  Ihering's 
Archiplata  and  Archhelenis  theory  (1891).  But,  according  to  him, 
the  line  of  separation  was  situated  in  the  present  Amazonas  valley, 
and  existed  during  the  Jurassic,  Cretaceous  and  the  Eocene;  in  the 
Oligocene  the  elevation  of  the  Cordilleras  began,  and  Archiplata 
(the  southern  part)  was  united  with  Archiguiana  (Guiana  and 
Venezuela),  and  it  was  not  until  the  beginning  of  the  seond  half  of 
the  Tertiary  (Miocene)  that  these  latter  parts  became  united  with 
North  America  by  the  formation  of  the  Isthmus  of  Panama. 

We  can  accept  this  view  only  in  part,  since  the  very  important 

>  Hyatt,  A.,  in  Proc.  Boston  Soc.  Nat.  IJist.,Wo\.  17,  1875,  p.  3^5  ^-I  Stci- 
mann,  in  A''.  Jahrb,  Mineral.,  etc. ^  1881.  2  p.  130  ff.,  1882,  i  p.  166  ff.,  and 
Gerhardt,  ibid.,  Bcil.,  Bd.  n,  1897. 
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interoceanic  connection  through  the  Orinoco  valley,  discussed 
above,  is  not  taken  account  of,  and  since,  as  we  shall  see  presently, 
the  relations  between  Guiana  and  Brazil  and  between  Guiana  and 
Venezuela  are  much  more  complex  than  v.  Ihering  assumes. 

Considering  the  tectonic  configuration  of  South  America,  we  are 
to  mention,  in  the  first  place,  that  the  whole  eastern  part  is  formed 
by  the  so-called  Brazilian  mass  (Suess,  1885,  p.  655  ff.)  :  this  is  an 
old  Archaic- Paleozoic  plateau,  which  was  possibly  connected, 
from  very  early  times  up  to  the  Lower  Cretaceous  (see  p.  350),  with 
Africa.  Part  of  this  mass  is  formed  by  the  mountains  of  Guiana 
(Suess,  1885,  p.  658),  and  the  present  valley  of  the  Amazonas  is  a 
symmetrical  syncline  within  the  old  plateau,  in  the  centre  of  which 
are  Carboniferous  beds  and,  on  top  of  the  latter.  Upper  Cretaceous 
deposits.  Thus  the  Amazonas  valley  was  apparently  land  during 
most  of  the  Mesozoic  time,  and  Guiana  was  connected  with  Brazil  \ 
but  in  the  Upper  Cretaceous  it  was  a  wide  sea,  the  northern  and 
southern  shores  of  which  were  formed  by  Paleozoic  rocks  (Suess, 
1885,  p.  660).  This  sea  extended  from  the  Atlantic  westward  into 
the  region  of  the  Upper  Marafion,  in  the  Cordilleras,  and  probably 
connected  with  the  Pacific  Ocean  (Suess,  1888,  p.  683),  which  is 
very  likely,  since  the  western  shore  of  the  old  Brazilian  mass  hardly 
extended  to  the  eastern  foothills  of  the  Cordilleras  (in  a  certain 
region,  the  present  river  Madeira  marks  the  western  boundary),  and 
since  it  is  quite  sure  that  the  Cordilleras  were  sea  during  the 
Jurassic  as  well  as  the  larger  part  of  the  Cretaceous.  This  results 
in  an  Upper  Cretaceous  interoceanic  connection  between  the 
southern  Atlantic  and  the  Pacific,  which  was  situated  about  where 
the  Amazonas  valley  now  is.  TTiis  Upper  Cretaceous  strait  agrees 
with  the  sea  that  separated  von  J  hennas  Archiplata  and  Archi- 
guiana,  but  it  is  well  to  emphasize  the  fact  that  it  is  restricted,  as  a 
separating  strait,  to  the  Upper  Cretaceous  period :  during  previous 
times,  especially  the  Jurassic  and  Lower  Cretaceous,  it  did  not 
exist  at  all,  and  later  it  was  changed  into  a  bay,  as  we  shall  see 
below.  The  interoceanic  connection  during  the  earlier  Cretaceous 
was  not  situated  here,  but  went  by  way  of  the  Orinoco  valley  (sec 
above,  p.  360).  The  directions  of  both  straits  converge  to  the 
westward,  and  it  is  possible  that  they  actually  met,  if  they  coexisted 
at  any  time :  but  generally,  we  are  to  maintain  that  the  separation 
of  Central  and  South  America  during  the  Lower  Cretaceous  was 
effected  by  the  Orinoco  Strait,  and  that  at  this  time  Guiana  was 


1902.J  AND   ANCIENT   GEOGRAPHY.  863 

united  with  Brazil^  to  which  it  belongs  tectonically^  while^  in  the 
Upper  Cretaceous,  Guiana  was  united  with  Central  America^  and 
was  separated  from  Brazil  by  the  transgression  of  the  Atlantic 
Ocean  in  the  Amazonas  valley. 

This  latter  strait  thus  formed  a  continuation  of  the  South  Atlantic 
Ocean,  which  came  into  existence,  as  we  have  seen  above  (p.  350), 
at  about  the  middle  of  the  Cretaceous. 

The  Upper  Cretaceous  conditions  were  generally  preserved  in  this 
region  during  the  beginning  of  the  Tertiary,  and  the  Eocene  and 
Oligocene  sea  extended,  in  the  Amazonas  transgression,  far  to  the 
west  (brackish  Oligocene  deposits  are  known  near  Pebas,  Peru).  But 
during  this  time  (older  Tertiary),  the  elevation  of  the  Cordilleras 
must  have  become  evident  *  in  the  western  parts  of  this  interoceanic 
connection,  since  older  Tertiary  deposits  are  wanting  in  this  region. 
Thus  those  parts  which  now  comprise  Colombia,  Ecuador,  Peru 
and  Bolivia  became  land,  and  the  Amazonas  Strait  was  shut  off  from 
the  Pacific  Ocean,  being  transformed  into  a  deep  bay,  which -occu- 
pied the  Amazonas  valley  as  far  as  the  foothills  of  this  new  eleva- 
tion (Cordilleras).  Therefore,  this  interoceanic  connection  was 
interrupted  in  the  beginning  of  the  Tertiary,  the  main  part  of  South 
America,  or  the  old  **  Archiplata  **  of  von  Ihering,  becoming  united 
with  northern  South  America  (Venezuela  and  Guiana).  But  we 
have  seen  above  (p.  344)  that  at  the  same  time  (earlier  Tertiary  or 
uppermost  Cretaceous)  another  interoceanic  connection  had  formed 
in  the  isthmian  region,  and  this  replaced  the  Amazonas  connection 
of  the  Upper  Cretaceous  era. 

The  old  connection  of  the  Brazilian  mass  with  Africa  continued 
in  part  as  we  have  seen  (p.  350)  during  the  Upper  Cretaceous,  for 
its  northern  portion,  Guiana.  That  is  to  say,  an  intermigration 
of  the  faunas  of  Guiana  and  Africa  was  yet  possible  in  the  Upper 
Cretaceous.  The  fact  that  during  this  time  (and  in  the  beginning 
of  the  Tertiary)  a  strait  or  bay  extended  along  the  region  of  the 
Amazonas  river  as  far  as  the  Pacific  Ocean  (or  as  far  as  the 
Cordilleras),  furnishes  the  explanation  for  the  zoogeographical  fact 
that  animals  immigrating  from  Africa  into  Guiana  during  the 
Upper  Cretaceous  could  reach  Central  America  and  the  West 
Indies,  but  not  those  parts  of  Brazil  which  are  to  the  south  of  this 
old  Amazonas  Strait:  this  seems  to  apply  to  our  PotamonidcB,  and 

*  The  first  signs  of  an  elevation  belong  to  the  Upper  Cretaceous. 
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explains  their  general  absence  south  of  the  Amazonas.  The  exten- 
sion of  the  range  of  these  freshwater  crabs  into  Colombia,  Ecuador 
and  Peru  was  not  obstructed  during  the  older  Tertiary,  since 
during  this  time  these  parts  became  land  and  were  connected  with 
Venezuela. 

Regarding  the  extension  of  the  old  Brazilian  mass  (Archiplata) 
to  the  south,  we  know  that  the  old  Archaic,  Paleozoic  and  Old- 
Mesozoic  rocks  continue  in  southern  Bolivia  and  northern  Argen- 
tina, into  the  eastern  Cordilleras  (Suess,  1885,  p.  661);  in  Argen- 
tina, these  rocks  prevail  in  the  northern  parts  :  they  are  also  found 
in  the  Pampean  Sierras,*  but  do  not  seem  to  extend  southward  beyond 
the  province  of  Buenos  Ayres  (Suess,  1885,  p.  664).  To  the  south 
of  these  parts  the  whole  of  Patagonia  was  apparently  covered  by  the 
Cretaceous  sea  (Suess,  1888,  p.  683,  and  above,  p.  338J.  The 
Brazilian  continent  was  also  surrounded  in  the  west  by  Jurassic  and 
Cretaceous  sea,  as  is  demonstrated  by  the  presence  of  the  respective 
deports  in  the  region  of  the  Chilian-Argentinian  Cordilleras  (see 
p.  338).  As  we  have  seen  above  (ibid.),  it  is  very  probable  that 
during  the.  Jurassic  and  a  larger  part  of  the  Cretaceous  era,  the 
Brazilian  mass  was  separated  by  this  sea,  which  occupied  present 
Patagonia  and  the  site  of  the  Cordilleras,  from  another  continental 
mass  lying  to  the  west,  southwest  and  south  of  it,  which  was  formed 
by  the  present  Chilian  coast  range  and  its  southern  continuation, 
which  belonged,  at  least  during  the  Cretaceous,  to  the  Antarctic 
continent.  At  the  end  of  the  Cretaceous  a  land  period  began  in 
these  regions  which  culminated  in  the  Eocene,  and  which  effected  a 
connection  of  the  old  Antarctica  with  Archiplata,  chiefly  in  the 
region  of  the  Chilian-Argentinian  Cordilleras.  This  connection 
made  possible  the  immigration  of  Farastacus  mXo  the  southern  parts 
of  Archiplata  (Argentina,  Uruguay,  southern  Brazil),  and  it  has 
remained  up  to  the  present  time,  although  parts  of  Patagonia  were 
again  submerged  during  the  course  of  the  Tertiary. 

The  results  obtained  in  the  foregoing  concerning  the  history  of 
the  American  continent  may  be  summed  up  as  follows. 

I.  America  originally  consists  of  three paris  :  North  America  (its 
nucleus  being  in  the  East),  the  Antillean  continent  (comprising  the 
West  Indies,  Central  America  and  the  northern  coast  of  Venezuela) 
and  the  old  Brazilian  mass  (Archiplata).     Also  a  fourth  part  enters 

'  Valentin,  J.,  Bosquejo  geologico  de  la  Argentina,  1898. 
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the  present  boundaries  of  South  America,  which  is  formed  by  the 
Chilian- Fuegian  coast  range ^  once  ^,  part  of  Antarctica, 

2.  North  America  was  separated  during  the  Lower  Cretaceous 
from  Central  America.  During  the  Upper  Cretaceous'xt  was  divided 
into  an  eastern  and  a  western  portion  ;  the  western  was  definitively 
connected  at  this  time  with  Central  America.  In  the  beginning  of 
the  Tertiary  the  eastern  portion  was  reunited  with  the  western,  and 
thus  the  whole  of  North  America,  from  the  Arctic  Ocean  to  the 
Gulf  of  Mexico  and  the  Caribbean  Sea,  became  a  unit. 

3.  Central  America  existed  as  a  continental  mass  up  to  the  end  of 
the  Cretaceous.  Being  originally  separated  from  North  America,  it 
became  united  with  it  in  the  Upper  Cretaceous,  By  the  formation 
of  the  Caribbean  Sea  it  was  broken  up  and  consisted,  in  the  begin- 
ning of  the  Tertiary^  of  two  main  parts :  a  northern,  belonging  to 
North  America,  and  a  southern^  which  became  united  with  South 
America,  then  undergoing  the  process  of  construction.  Both  parts 
were  separated  by  the  Old  Tertiary  interoceanic  connections  at 
Panama  and  Nicaragua. 

The  southern  part  of  Central  America  was  originally  (Lower 
Cretaceous)  bounded  on  the  south  by  sea,  which  occupied  the 
region  from  the  Orinoco  valley  westward.  In  the  Ujf^per  Cretaceous 
Guiana  was  connected  with  Venezuela,  and  thus  Central  America 
was  connected  also  with  Africa.  To  the  south  of  these  parts  was 
the  Upper  Cretaceous  interoceanic  connection  of  the  Amazonas 
valley.  In  the  beginning  of  the  Tertiary,  what  was  left  of  Central 
America  in  the  south  (Venezuela  and  Guiana)  was  united  with  the 
Brazilian  mass  by  the  beginning  of  the  upheaval  of  the  Cordilleras, 
by  which  parts  of  Colombia,  Ecuador  and  Peru  became  land. 

In  the  middle  of  the  Tertiary  (Miocene)  the  interoceanic  connec- 
tion in  the  isthmian  region  became  land,  and  thus  North  America 
and  the  northern  remnants  of  Central  America  were  united  with  the 
southern  remnants  of  Central  America  and  South  America. 

4.  South  America  consisted  in  the  beginning  (Jurassic  and  Lower 
Cretaceous)  of  the  Brazilian  mass  (Archiplata),  which  included 
Guiana,  and  a  smaller  part  which  is  perhaps  of  Cretaceous  age,  rep- 
resented now  by  the  Chilian  coast  range.  Archiplata  was  con- 
nected with  Africa  up  to  the  middle  of  the  Cretaceous.  In  the  Upper 
Cretaceous,  Guiana  was  separated  from  Brazil  by  the  interoceanic 
connection  of  the  Amazonas  valley  and  Archiplata  became  an 
island.     At  the  end  of  the   Cretaceous^   and  chiefly  during  the 
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Eocene,  Archiplata  became  united  with  the  Chilian  coast  range  by 
the  elevation  of  the  Cordilleras,  and  it  was  thus  connected  with 
Antarctica.  And,  further,  in  the  beginning  of  the  Tertiary,  Archi- 
plata connected,  by  way  of  Peru  and  Ecuador,  with  Central 
America.  This  resulted  in  the  final  formation  of  South  America 
(in  its  rough  outlines)  which,  however,  was  still  in  communication 
with  Antarctica.  Finally,  in  the  middle  of  the  Tertiary,  South 
America  was  united  with  North  America  (in  the  isthmian  region) 
and  was  severed  from  Antarctica,  and  this  represents  the  chief 
features  of  the  present  conditions. 

We  have  seen  that  during  the  geological  development  of  the 
Americas  interoceanic  connections,  which  were  directed  east- westerly, 
and  united  the  waters  of  the  Atlantic  and  Pacific  Oceans,  have 
repeatedly  played  a  part.  These  connections  being  extremely 
important  for  marine  zoogeography,  have  often  been  referred  to  by 
various  authors,  but  have  generally  been  misunderstood,  the  value 
of  a  determination  of  the  exact  time  of  their  existence  being 
neglected.  So  it  will  be  worth  while  here  to  put  them  together  by 
themselves. 

Interoceanic  connections  of  the  Atlantic  and  Pacific  Oceans. 

1.  In  the  Loiver  Cretaceous  there  were  two  connections :  a.  across 
Mexico,  and  b.  through  the  Orinoco  valley.  Both  probably  united 
the  marine  fauna  of  the  Mediterranean  province  with  that  of  the 
(Indo)  Pacific. 

2.  In  the  Upper  Cretaceous  we  have  the  connection  through  the 
Amazonas  valley.  This  united  the  South  Atlantic  fauna,  which,  in 
this  period,  formed  part  of  the  Indo- Pacific,  with  the  identical  fauna 
of  the  eastern  Pacific. 

3.  In  the  Older  Tertiary  there  existed  the  Panamic  connection, 
which  united  the  fauna  of  the  Atlantic,  the  chief  element  of  which 
is  Mediterranean,  with  that  of  the  Indo-Pacific. 

4.  In  the  Later  Tertiary  no  interoceanic  connection  existed,  the 
Atlantic  and  Pacific  faunas  being  sharply  separated.  These  condi- 
tions continued  up  to  the  present  time. 

It  is  impossible  to  say  at  present  whether  there  were  any  transi- 
tions between  these  different  stages.  A  coexistence  and  union  of 
the  connections  i  and  2,  at  about  the  beginning  of  the  Upper  Cre- 
taceous, is  possible  in  the  region  of  the  Upper  Orinoco  and  Upper 
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Amazonas.     But  we  have  no  evidence  for  this,  the  Geology  of  the 
respective  countries  being  too  incompletely  known. 

9.    THE   RELATIONS   OF   AFRICA   TO^THE   REST  OF   THE  WORLD. 

We  have  seen  (p.  303)  that  for  the  two  main  divisions  of  the 
range  of  the  PotamonincB  in  the  Old  World  Egypt  and  the  Nile 
valley  form  an  actual  connection ;  but  examining  this  more  closely 
we  find  that  this  subfamily  cannot  have  migrated  along  this  route 
from  Africa  to  India  (or  vice  versa),  but  entered  Egypt  from  two 
opposite  directions,  from  the  south  r Central  Africa)  and  the  north 
(resp.  northeast)  over  Persia,  Mesopotamia  and  Syria. 

The  causes  why  this  way  was  not  open  in  former  times  have  been 
briefly  mentioned  above  (p.  333),  and  we  shall  here  try  to  investi- 
gate the  relations  of  Africa  and  Asia  with  respect  chiefly  to  this 
northern  connection.  For  this  purpose  we  are  to  discuss  also  the 
northern  boundaries  of  Africa  with  reference  to  Europe.  This  is 
the  more  important,  since  we  have  to  consider  the  alleged  fact  that 
fossil  forms  of  the  Fotamonince  have  been  found  in  Miocene  fresh- 
water deposits  of  Oeningen  (Switzerland),  Sigmaringen  (Southern 
Germany)  and  Northern  Italy.' 

Very  important  for  a  study  of  these  questions  is  the  former  exist- 
ence of  a  Central  Mediterranean  Sea,  as  Neumayr  calls  it  (1890,  pp. 
332,  333,  and  map  p  336),  or  the  Tethys  of  Suess  (1894).  This 
ancient  sea  goes  back  to  Paleozoic  times  and  covered  in  Mesozoic 
times  the  whole  of  Middle  and  Southern  Europe,  the  present  Medi- 
terranean Sea,  Northern  Africa  and  extended  eastward  over  Asia 
Minor,  Syria,  the  Caucasus  Mountains  and  Mesopotamia  as  faj  as 
Northern  India.  In  the  east  a  large  bay  extended  southward  along 
the  East  African  coast,  which  separated  the  Indo-Madagassian 
peninsula  (Lemuria)  from  Africa.  In  a  westerly  direction  the 
Tethys  was  broadly  connected  with  the  Atlantic  Ocean,  leaving 
only  the  island  of  Spain  (Meseta)  uncovered. 

In  these  general  outlines  the  Tethys  existed  in  Jurassic  as  well  as 
in  Cretaceous  times,  thus  completely  circumscribing  the  African 
continent  toward  the  north  and  northeast.  Europe  did  not  then 
exist  at  all  as  a  continental  mass  and  Africa  was  separated  from  the 
Sinic   continent  by  an  eastern   continuation  of  the  Tethys,   the 

^  Thelphusa  speciosa  Mey.  and  Th.  quenstedti  Zitt.,  see  Zittel,  Handbuch  </. 
Palaontol,,  Vol.  2,  1885,  p.  714.  These  forms  have  a  remote  resemblance  to  th^ 
sobgenas  Potamjnautfs,  if  they  belong  here  at  all. 
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Strait  of  Bengal}  The  only  connection  of  Africa  during  these 
times  was  with  South  America,  the  old  Archiplata  (Jurassic  and 
Lower  Cretaceous)  and  the  old  Archiguiana  (Archhelenis,  Upper 
Cretaceous).  On  the  southern  margin  of  the  Tethys,  as  sketched 
above,  there  is  a  zone  in  the  desert  region  of  North  Africa  and 
Arabia,  where  Jurassic  deposits  are  wanting  and  Cretaceous  directly 
overlies  Paleozoic  beds.  This  indicates  a  farther  extension  of 
Africa  northward  in  Jurassic  times  and  a  transgression  of  the  sea 
southward  in  the  Cretaceous  (Neuraayr,  1890,  p.  386).  The 
deposits  of  the  Cretaceous  sea  can  be  traced  very  distinctly  in  a 
broad  belt  from  Syria  over  Arabia,  Persia,  Afghanistan  and  Beluch- 
istan  to  Northern  India. 

Also  in  the  Older  Tertiary  (Neumayr,  p.  480)  the  Central  Medi- 
terranean Sea  reaches  from  the  Atlantic  Ocean  to  India,  and  it  was 
not  until  after  the  end  of  the  Oligocene  that  its  unity  was  de- 
stroyed. In  the  beginning  of  the  Miocene  Western  Asia  became 
largely  land,  and  thus  a  broad  connection  was  established  from 
Asia  to  Africa  (India  to  Arabia),  and  at  the  same  time  from  Asia 
to  Europe,  which  was  then  forming  (Neumayr,  1890,  p.  501  f.). 

In  detail  the  processes  in  the  northeastern  part  of  Africa  were  the 
following :  Arabia  during  Mesozoic  and  the  greater  part  of  Tertiary 
times  was  broadly  connected  with  Africa.  The  Red  Sea  did  not 
exist,  according  to  the  unanimous  opinion  of  all  writers  (Neumayr, 
Suess,  Gregory,  Blankenhorn  and  others).  The  origin  of  the  Red 
Sea  falls  late  in  Tertiary  times,  after  the  connection  of  Africa  with 
India  was  long  established,  and  thus,  in  the  second  half  of  the 
Tertiary,  a  regular  exchange  of  the  faunas  of  Africa  and  India 
could  take  place,  for  which  we  possess  ample  evidence. 

The  Red  Sea  is  a  rift  valley,  which  is  tectonically  connected 
with  the  valley  of  the  Jordan  river  in  Palestine.'  The  most  de- 
tailed investigations  on  this  question  have  been  published  by 
Blankenhorn.'  According  to  this  author,  the  Mediterranean  Sea 
(the  western  part  of  the  old  Tethys)  in  Miocene  times  sent  a  wide 
bay  to  the  southeast,  which  extended  as  far  as  the  southern  end  of 
the  Gulf  of  Suez,  which,  of  course,  did  not  then  exist,  and  the  Nile 

*  Which,  however,  was  temporarily  interrupted  during  the  Upper  Creiaceous. 
See  above,  p.  330. 

^  See  Gregory,  J.  \V.,  in  Proc,  Zool.  Soc,  London,  1894,  p.*  165. 
'  Blankenhorn,  M.,  in  Centralbl.  f.  Miner aL,  etc.,  1900,  p.  209  flf. 
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valley.'  The  latter  and  the  Red  Sea  originated  in  the  Pliocene. 
Into  the  Nile  valley  entered  the  Pliocene  Mediterranean  Sea.  It 
then  changed  into  a  series  of  inland  lakes,  and  finally,  in  the 
middle  Diluvial  time,  it  became  a  river  valley.  The  depression  of 
the  Red  Sea  was  occupied  first  (Pliocene)  by  inland  lakes,  and 
finally,  toward  the  end  of  the  Pliocene,  by  the  Indian  Ocean, 
which  entered  it  from  the  south.'  The  present  separation  of  Africa 
and  Arabia  (Asia),  which  is  nearly  complete,  belongs,  therefore,  to 
a  very  recent  date.  In  the  later  Tertiary  Southern  Asia  and  Africa 
were  not  distinguished  zoogeographically,  while  in  older  times 
(Pre-Miocene;  there  was  a  complete  separation  of  Africa  (including 
Arabia)  from  the  Sinic  continent,  and  only  during  the  second  half 
of  the  Cretaceous  was  there  a  limited  connection  by  way  of  Mada- 
gascar and  the  Indian  peninsula.' 

The  old  isolation  of  Africa  was  ended  not  only  in  these  eastern 
parts  during  the  Tertiary,  but  also  in  the  northwest  changes 
occurred  which  extended  Africa  and  brought  it  into  contact  with 
Western  Europe. 

The  Cretaceous  sea  covering  Northwestern  Africa  was  no  doubt 
considerably  reduced  in  the  Tertiary.  Indeed,  there  are  Tertiary 
deposits  in  this  region,  and  according  to  Suess  (1888,  p.  155),  the 
Middle  Tertiary  sea  probably  also  covered  the  Western  Sahara. 
But  about  this  time  apparently  a  land  connection  was  formed  to  the 
north  toward  the  old  Spanish  Meseta.  According  to  Bergeron,* 
the  Algerian  Sahara  possesses  deposits  from  the  Senonian  to  the  Plio- 
cene, but  these  are  bounded  in  the  west  by  a  Cretaceous  mountain 

*  In  the  region  of  the  Nils  valley  there  was  a  river,  but  this  was  not  the  Nile, 
but  came  from  the  west  out  of  the  Libyan  desert. 

'  An  actual  connection  of  the  Red  Sea  and  the  Mediterranean  Sea  is  very 
doubtful,  but  was  possibly  established  for  a  short  time  in  the  beginning  of 
Diluvial  times,  when  the  Mediterranean  Sea  became  cold.  The  improbability 
of  a  connection  of  both  seas  is  especially  emphasized  by  Jousseaume  {Ann,  Set, 
Nat.,  Ser.  7,  VoL  12,  189 1).  According  to  him,  the  Red  Sea  is  Quarternary 
(Diluvial). 

'  The  oceanic  connection  from  the  Gulf  of  Aden  across  the  Sahara  desert  to 
the  Atlantic  (Senegambia),  advarced  by  Jousseaume  (/.  r  ),  has  no  geological 
support.  It  is  founded  upon  an  alleged  similarity  of  the  Mollusk  faunas  of  both 
parts,  which,  however,  needs  closer  inves  igation  and  might  possibly  find  its 
explanation  in  the  configuration  of  the  Pre-Miocene  Tethys,  which  reached  from 
the  Persian  Gulf  to  the  Mediterranean  Sea  and  Atlantic  Ocean. 

*  In  Mem,  Soc.  Ingen,  civ,  France^  1897. 
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range  running  north-south.  In  Algeria  we  have,  according  to  Lap- 
parent,*  deposits  of  Cretaceous  and  Eocene  age,  but  only  traces  of 
Oligocene,  and  thus  we  can  place  the  upheaval  of  these  parts  at  the 
end  of  the  Eocene,  and  probably  at  this  time  the  connection  with 
Southwestern  Europe  began  to  develop.  The  mountain  range 
along  the  northern  coast  of  Algiers,  as  far  as  the  Strait  of  Gibraltar, 
consists  of  rocks  which  (see  Suess,  1883,  p.  293  ff.)  are  also  found 
in  the  so-called  Betic  Cordilleras  (/^/V/.,  p.  298)  in  Southern  Spain, 
and  the  tectonic  unity  of  these  ranges  of  Algiers  and  Spain  is 
especially  emphasized  by  Suess,  as  well  as  their  tectonic  connection 
with  the  Apennines  and  the  Alps.  The  origin  of  all  these  moun- 
tain chains  was  near  the  end  of  the  first  half  of  the  Tertiary,  about 
the  Oligocene  time. 

But  this  connection  of  the  northwestern  parts  of  Africa  and  of 
Southern  Spain  with  the  rest  of  Africa  did  not  constitute  a  com- 
plete union  with  Europe.  We  know  that  the  central  and  northern 
region  of  Spain,  the  Iberian  Meseta,  is  an  old  land,  but  that  to  the 
south  and  north  of  it,  on  the  one  side  along  the  valley  of  the 
Guadalquivir  river  in  Spain,  on  the  other  in  the  region  of  the 
Garonne  river  in  France,  connections  of  the  Mediterranean  Sea  with 
the  Atlantic  Ocean  existed.  According  to  Suess  (1885,  p.  381 ;  see 
also  Neumayr,  1890,  p.  516),  in  the  valley  of  the  Guadalquivir 
there  are  Tertiary  deposits,  reaching  from  the  Atlantic  to  the  Medi- 
terranean Sea,  which  belong  to  the  first  and  second  Mediterranean 
stage — that  is  to  say,  to  the  Miocene — while  deposits  of  the  third 
Mediterranean  stage  (Pliocene)  have  not  been  found.  Conse- 
quently this  strait  (Betic  Strait)  became  dry  at  the  end  of  the 
Miocene,  and  by  this  process  the  northern  part  of  Spain  was  united 
with  the  southern  and  with  Algiers  and  Africa. 

The  disappearance  of  this  strait  was  the  last  step  which  resulted 
in  a  definitive  connection  of  Africa  with  Europe,  since  the  strait  in 
the  region  of  the  Garonne  river,  in  Southern  France,  became  prob- 
ably land  a  little  earlier,  namely,  at  the  end  of  the  Oligocene  (see 
Suess,  1885,  p.  382  ff.,  and  Neumayr,    1890,  p.  516). 

But  it  is  to  be  borne  in  mind  that  possibly  the  conditions  were 
not  so  simple  as  has  been  represented  above.  According  to  Lap- 
parent  (/.  r.,  pp.  1 29 1  and  13 13),  the  Betic  Strait  (ddtroit  b^iic, 
also  called  Andalusian  connection)  was  dry  during  the  Oligocene, 

^  Traiti  de  G^ologie,  Vol.  2,  1 893,  p.  1 29 1. 
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while  sea  again  occupied  it  in  the  Miocene,  and  thus  we  would 
have  a  chance  for  the  African  fauna  to  reach  Northern  Spain  as 
early  as  the  Oligocene.  This  connection,  however,  scarcely 
amounted  to  a  complete  communication  of  Africa  and  Europe, 
since  at  that  time  the  Oligocene  strait  to  the  north  of  the  Iberian 
Meseta  was  still  in  existence,  forming  a  barrier  to  the  further 
advance  of  the  African  fauna.  Thus,  even  under  this  assumption, 
a  final  connection  of  Africa  and  Europe  was  not  established  until 
the  end  of  the  Miocene,  after  the  second  obliteration  of  the  Betic 
Strait.  Subsequently  the  connection  of  both  continents  was  again 
interrupted  by  the  formation  of  the  Strait  of  Gibraltar;  but  this 
belongs  to  very  recent  times.* 

Another  tectonic  line  goes  from  Northwestern  Africa  to  Sicily 
and  Italy,  and  is  marked  by  the  eastern  continuation  of  the  same 
mountain  range  that  curves  in  the  west  from  Africa  into  Southern 
Spain.  This  system  belongs  to  Post- Oligocene  times,  and  as  a 
land-bridge  apparently  underwent  repeated  changes.  Moreover,  it 
is  doubtful  whether  it  existed  at  any  time  as  a  complete  and  solid 
bridge,  but  it  is  represented  as  such  by  Scharff  (1895,  niaps  pp.  465 
and  470)  for  the  Pliocene  time,'  while  Neumayr  (1890,  Vol.  i,  p. 
33o)>  ^^»r  the  Lower  Pliocene,  gives  only  a  series  of  islands. 

From  the  above  discussion  we  are  to  draw  the  conclusion  that — 
aside  from  a  connection  with  the  Sinic  continent  during  the  Upper 

*  Kobelt,  W.  {StuJien  zur  Zoogeographie — «*  2.  Die  Fauna  der  meditcrranen 
Subregion,"  1898),  arrives  at  a  diffeient  conclusion.  According  to  him,  the 
Mediterranean  Sea  was  separated  from  the  Atlantic  Ocean  in  the  Older  Tertiary 
by  a  connection  ot  Cintral  Spain  with  the  Atlas  mountains  (the  Sierra  Nevada 
or  Betic  Cordilleras  did  not  then  exist).  The  Miocene  Tethys  reached  from  India 
to  Spain  and  Central  France,  but  did  not  communicate  with  the  Atlantic,  the 
connection  along  the  valley  of  the  Guadalquivir  being  of  Pliocene  age. 

This  result  is  contrary,  however,  as  we  have  seen,  to  what  is  known  of  the 
Geology  of  these  parts.  Just  the  opposite  is  the  case.  In  the  Older  Tertiary  the 
Tethys  and  the  Atlantic  were  broadly  connected,  and  in  the  Miocene  they  still 
communicated  through  the  Andalusian  or  Betic  Strait,  as  is  positively  shown  by 
the  presence  of  Miocene  beds  there.  But  in  Pliocene  times  this  strait  was  dry 
land. 

*  According  to  Scharff  (in  1897,  pp.  461  and  466),  this  bridge  belongs  to  the 
Upper  Pliocene  and  Gla:ial  times.  We  shall  become  acquainted  below  with  the 
evidence  for  its  existence  as  an  actually  connecting  bridge. 
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Cretaceous — Africa,  for  a  very  long  time,  was  isolated  from  the  rest 
of  the  Old  World.  After  it  had  become  disconnected  from  South 
America,  at  the  beginning  of  the  Tertiary,  it  was  absolutely 
isolated,  but  soon  during  the  course  of  the  Tertiary  it  became 
united  with  Asia  and  the  new  continent  of  Europe.  The  most  impor- 
tant stages  in  this  process  were  that  of  the  elevation  of  Western  Asia, 
in  the  Miocene,  and  the  elevation  of  the  northwestern  parts  of 
Africa  and  southwestern  parts  of  Europe  at  about  the  same  time. 

This  has  the  following  bearing  upon  the  origin  of  the  distribution 
of  our  freshwater  Crustaceans :  The  African  types  of  the  subfamily 
PoiamonincB  (chiefly  the  subgenus  Potamonautes)  could  not  reach 
Europe  before  Miocene  times,  and,  on  the  other  hand,  an  immigra- 
tion of  the  Asiatic  types  (subgenus  Potamon)  into  Africa  (and 
Europe)  was  also  impossible  before  the  Miocene  and  after  the  de- 
struction of  the  Madagassian  land-bridge  in  the  earlier  Eocene. 

Whether  the  alleged  fossil  species  of  Potamon  from  the  Miocene 
of  Europe  indicate  this  Miocene  connection  of  Asia,  Africa  and 
Europe  remains  doubtful.  The  lack  of  African  types  in  the  Medi- 
terranean region  of  the  present  time,  as  well  as  the  general  absence 
of  a  northerly  and  easterly  advance  of  them  (except  '\x\.  the  Nile 
valley,  where  the  immigration  no  doubt  belongs  to  a  very  recent 
period),  is  opposed  to  the  above  assumption,  and  it  is  quite  possible 
that  these  fossil  forms  do  not  belong  to  relations  of  the  Potamonina, 
It  seems  that  the  desert  zone  of  the  Sahara  already  existed  in 
Miocene  times,  at  least  that  it  began  to  develop  at  the  same  time 
that  Western  Asia  became  land,  since  just  this  process  furnished 
the  conditions  for  the  origin  of  an  arid  climate  in  North  Africa  and 
West  Asia.  On  the  other  hand,  we  see  that  a  species  of  the  sub- 
genus Potamon,  belonging  to  the  Indian  fauna,  advanced  in  a  west- 
erly direction  across  the  new  land  areas  formed  in  Miocene  time, 
and  that  it  reached  by  this  route  Northern  Africa  (Egypt  and 
Algiers),  But  the  distribution  of  this  species  {Pptamon  fiuvicUile) 
needs  further  explanation,  since  it  is  also  found  in  certain  parts  of 
Europe,  and  we  shall  discuss  this  question  in  the  next  chapter. 

lO.    RELATIONS   OF    EUROPE  TO  ASIA. 

In  discussing  the  distribution  of  Potamon  fluviatile  in  Southern 
Europe,  just  referred  to,  we  are  also  to  consider  the  presence  of  the 
genus  Potamobius  in  Europe,  the  area  of  which  is  separated  from 
that  of  the  rest  of  the  genus  (in  Northeast  Asia  and  Northwest 
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America).     The  essential  point  in  this  respect  is  the  investigation 
of  the  geological  relation  of  Europe  to  Asia. 

Europe  did  not  exist  as  a  continent — />.,  as  a  continuous  mass— 
from  the  beginning  of  the  earth's  history  up  to  about  the  middle  of 
the  Tertiary.  Indeed,  there  was  a  number  of  larger  and  smaller 
islands  in  the  old  Tethys,  but  they  never  were  connected  so  as  to 
assume  continental  shape.  To  the  north,  however,  we  had  the 
large  Scandinavian  mass,  which  probably  was  connected  over 
Greenland  with  North  America,  but  we  shall  disregard  this  possible 
junction,  since  our  present  material,  the  Decapod  Crustaceans,  do 
not  furnish  additional  facts  which  bear  upon  it. 

The  Tethys,  as  we  have  seen  (p.  367),  covered  the  whole  region 
of  the  present  Mediterranean  Sea  and  extended  over  Western  Asia, 
reaching,  in  the  older  Eocene,  not  only  as  far  as  the  Indian  Ocean, 
but  in  an  easterly  and  northerly  direction  as  far  as  the  eastern  side 
of  the  Kuen-Lun  mountains  and  the  Gobi  desert.*  Subsequently, 
in  the  Miocene,  the  western  parts  of  Asia  (from  Asia  Minor  and 
Syria  to  India)  became  land  (Neumayr,  p.  501),  and  the  Tethys 
was  cut  into  a  western  (the  present  Mediterranean  Sea)  and  an 
eastern  section  (forming  part  of  the  Indian  Ocean).  But  during 
this  time,  and  even  afterward,  the  northern  and  northeastern  parts 
of  the  old  Tethys  persisted.  The  Miocene  Mediterranean  Sea 
(Neumayr,  1890,  p.  516)  sent  a  strait  from  the  basin  of  the  Rhone 
river  (France)  through  Switzerland  into  Austria,  which  there 
widened  out  into  the  Pannonian  basin  and  in  the  Upper  Miocene 
became  a  huge  inland  sea,  the  Sarmatian,  which  was  cut  off  from 
its  former  western  connection  with  the  Mediterranean  and  reached 
from  Austria  over  Southern  Russia  into  the  region  of  the  Caspian 
and  Aral  Seas  (Neumayr,  p.  523).  To  the  south  of  this  sea  the 
present  Balkan  Peninsula,  the  ^Egean  Sea  and  Asia  Minor  were 
largely  land,  but  in  Eastern  Asia  Minor  a  continuation  of  the 
Mediterranean  Sea  approached  almost  to  the  Black  Sea.  The 
region  of  the  Caucasus  mountains  was  probably  sea  up  to  Miocene 

*  In  the  Kuen-Lun  mountains  there  are,  according  to  Bogdanowitsch 
(Geolog,  Untersuch.  im  oestlichen  Turkestan^  1 892,  Russian.  Review  in 
Neues  Jahrb,  /.  Mineral.,  tic,  1895,  Vol.  2,  p.  no),  Archaic  and  Paleozoic 
rocks  and  traces  of  Jurassic  deposits  (coal  bearing  strata),  and  then  again  marine 
Cretaceous  beds.  Thus  it  seems  that  these  mountains  were  land  since  beginning 
of  the  Mesoz)ic  times  and  formed  part  of  the  Sinic  continent  During  the  Cie- 
taceous  there  was  a  temporary  transgression  of  the  sea. 
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times,  as  is  shown  by  a  continuous  series  of  sediments  lying  upon 
Azoic  rocks.  Here  *  has  been  found  Jurassic,  Cretaceous,  Eocene, 
Oligocene  and  Miocene.  The  latter  deposits  (Miocene)  belong 
to  the  Sarmatian  inland  sea.  Beginning  with  the  Pontic  stage,  the 
sea  recedes  on  the  southern  side  of  the  Caucasus  (freshwater 
deposits),  while  on  the  northern  side  marine  deposits,  belonging 
to  the  Ponto-Caspian  Sea,  continue.  The  latter  disappear  after  the 
Glacial  period. 

The  map,  given  by  Neumayr,  of  the  Eastern  Mediterranean 
countries  during  the  Lower  Pliocene  (1890,  Vol.  i,  p.  330,  see 
also  Vol.  2,  p.  526)  exhibits  a  much  more  extended  development 
of  land  than  at  the  present  time.  Especially  striking  is  the  direct 
connection  of  Asia  Minor  with  the  Balkan  Peninsula  and  Central 
Europe.  The  corresponding  map  for  the  Later  Pliocene,  given  by 
Scharff  (1895,  p.  465,  and  1897,  p.  461),  indicates  an  additional 
land  connection  from  Dalmatia  over  Southern  Italy  and  Sicily  to 
Algiers  (see  also  1895,  P-  47o»  and  1897,  p.  461),  which  is  repre- 
sented in  Neumayr*s  map  only  by  a  series  of  islands.*  Thus  we 
obtain  a  continuous  land  connection  from  Asia  Minor  to  North- 
western Africa,  belonging  to  the  Pliocene  age. 

In  the  Pleistocene  (Glacial)  time,  according  to  Scharff  (1897, 
map  p.  466),  this  connection  is  still  present. 

In  the  northern  parts  of  Europe  we  have  no  land  connection  in 
an  easterly  direction  during  the  Cretaceous  time.  According  to 
Koken  (1893),  however,  North  Asia  was  connected  with  Scandi- 
navia in  the  Upper  Cretaceous,  forming  part  of  a  huge  circumpolar 
Arctic  continent ;  but  the  evidence  for  its  existence  seems  to  be 
very  doubtful.  For  the  Older  Tertiary,  Koken  again  indicates  a 
separation  of  Northern  Europe  from  Asia.  In  subsequent  times,  up 
to  the  Later  Pliocene,  the  Sarmatian  Sea  covered  the  whole  of 
Northeast  Europe  (Scharff,  1897,  map  p.  461),  thus  perpetuating 
the  se[)aration  from  Asia.  During  Glacial  times  this  separation 
was  maintained  by  the  ice  sheet  covering  Northern  Russia  and  by 
the  existence  of  the  Aralo  Caspian  basin,  and  it  was  not  until 
Interglacial    times  that   a  communication   of   Asia  and   Central 

^  See  Fournier,  in  Ann.  Fac,  Set,  Marseille^  Vol.  7,  1896. 

*  The  large  extension  of  the  Mediterranean  Sea  to  the  south  of  Algiers  OTcr 
the  Sahara  desert  in  a  westerly  direction,  as  shown  by  Scharfi's  map  (p.  470),  is 
probably  erroneous. 
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Europe  was  established  north  of  the  Aralo- Caspian  basin  over 
Southern  Russia  (Scharff,  1897,  map  p.  466). 

The  gradual  origin  of  Europe,  beginning  with  the  formation  of 
the  chief  mountain  chains  in  the  Oligocene,  its  connection  first  of 
the  southern  and  central  parts  with  Western  Asia  across  the  Balkan 
Peninsula  (Miocene  and  Pliocene)  and  with  Northern  Africa  over 
Spain  (end  of  the  Miocene),  and  subsequently  the  connection  of 
the  central  and  northern  parts  with  Siberia  (over  Russia),  by  which 
processes  Europe  assumed  the  shape  of  a  continent  (part  of  Asia), 
have  been  largely  used  by  previous  authors  for  the  explanation  of 
the  zoogeographical  conditions  of  Europe. 

Osborn  (1900,  p.  569)  mentions  a  repeated  immigration  of 
Mammals  into  Europe  and  indicates  the  Upper  Eocene,  the 
Miocene  and  the  Pliocene  times  as  most  important  in  this  respect. 
But  we  must  always  bear  in  mind  that  during  the  Older  Tertiary 
Europe  was  not  a  unit  at  all — in  fact  did  not  exist  as  a  zoogeo- 
graphical section.  The  Old  Tertiary  Mammalian  faunas  of  Europe 
(chiefly  in  the  Northwest,  in  France)  probably  belong  to  the  British- 
Scandinavian  mass,  which  was  connected,  as  has  been  mentioned 
incidentally,  with  North  America.'  Then,  in  the  Miocene,  we 
have  in  Europe,  which  assumes  a  more  consistent  shape,  a  fauna  of 
new  character,  the  origin  of  which  is  to  be  sought  in  the  East  and 
Southeast  (Asia),  and  possibly  during  this  time  the  first  African 
types  reached  Europe,  either  by  the  roundabout  way  over  Western 
Asia  or  more  directly  over  Algiers  and  Spain. 

Kobelt  (1897)  also  assumes  an  isolation  of  Europe  at  the  begin- 
ning of  the  Tertiary,  and  discusses  the  immigration  of  an  Indo- 
Chinese  fauna  from  the  East  in  Pliocene  times,  while  the  Nile 
valley  formed  a  route  by  which  freshwater  animals  immigrated 
from  the  South  (Africa).' 

The  most  detailed  investigations  on  this  question  have  been  pub- 

'  As  to  this  connection,  which  is  not  treated  here,  I  refer  the  reader  to  Neu- 
mayr  (1890,  Vol.  2,  pp.  497  and  504)  and  to  Scott  (An  Introduction  to 
Geology,  1897,  P-  V^i)' 

'  Contrary  to  this,  Pilsbry  (1894)  is  inclined  to  assume,  for  the  Helices,  a  Crc- 
taceous  immigration  from  Southeastern  Asia  into  Europe  and  Africa.  But 
according  to  the  present  stale  of  our  knowledge,  as  set  forth  above,  the  history  of 
the  development  of  Africa  and  Europe,  as  well  as  of  Asia,  does  not  warrant  ihis 
assumption.  There  was  no  possibility,  on  geological  grounds,  for  the  old  Sinic 
fauna  to  reach  Europe  and  Northern  Africa  before  the  Miocene. 
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lished  by  Scharff  (1897).  He  distinguishes — aside  from  an  Arctic 
migration — two  main  routes  of  immigration  into  Europe  during 
the  Later  Tertiary  period  :  i,  a  southern  one  during  Miocepe  and 
Pliocene,  which  was  directed  from  Western  Asia  over  Asia  Minor, 
the  Balkan  Peninsula,  Italy,  Sicily,  Algiers  and  Spain  (and  which 
apparently  sent  a  branch  from  the  Balkan  Peninsula  into  Central 
Europe),  and  2,  a  Siberian  migration  from  Western  Siberia  through 
Southern  Russia  to  Central  Europe,  which  belongs  to  the  Pleisto- 
cene (see  map,  /.  r.,  p.  466)  and  was  impossible  before  this  time 
(in  Miocene  and  Pliocene),  the  Sarmatian  and  Ponto-Caspian  Sea 
forming  barriers. 

Comparing  our  freshwater  Decapods  with  the  above,  we  see  at 
the  first  glance  that  the  present  distribution  of  the  European  fresh- 
water crab,  Poiamon  fluviatiley  unmistakably  agrees  with  that  land 
connection  which  began  in  the  Miocene  and  culminated  in  the 
Pliocene  and  which  extends  from  Asia  Minor  over  the  Balkan 
Peninsula  to  Italy,  Sicily  and  Algiers.  Even  the  minor  features  of 
it  are  traceable.  Poiamon  fiuviatile  is  found  everywhere  in  West- 
em  Asia,  in  the  Caucasus  region  and  in  the  Crimea,  but  is  missing 
in  the  rest  of  Southern  Russia.  This  corresponds  to  the  fact  that 
the  Crimea  was  connected  in  Pliocene  times  with  the  Caucasus  and 
was  not  in  communication  with  the  rest  of  Russia  (see  Scharff,  1897, 
map  p.  461).  Potamon  fluviaiile  is  found  in  Asia  Minor,  Syria,  on 
the  island  of  Cyprus  and  in  Egypt.  All  these  parts  were  then  con- 
nected. Along  the  tract  of  the  land-bridge,  from  Asia  Minor  to 
Italy  and  Algiers,  this  crab  has  been  everywhere  found.'  This 
relation  of  the  supposed  Pliocene  land  exteision  with  the  distribu- 
tion of  Potamon  fiuviatile  is  so  close  that  there  is  no  objection 
whatever  to  the  assumption  that  the  immigration  of  this  species 
falls  in  the  Upper  Pliocene,  when  this  land  connection  was  fully  de- 
veloped, and  not  in  the  Lower  Pliocene,  when  there  was  only  a 
series  of  islands  (see  p.  374). 

Turning  now  to  the  crayfishes  of  Europe,  we  see  that  the  centre 
of  the  range  of  the  group  of  Potamobius  astacus  (the  Russian  cray- 
fishes) is  just  in  that  region  which,  during  Miocene,  Pliocene  and 

^  That  this  species  extended,  in  former  times,  farther  to  the  north  from  the 
Balkan  Peninsula  is  shown  by  the  discovery  of  it  in  lossil  state  in  diluvial  cal- 
careous tufa  near  SUttd,  Com.  Komarom,  Hungary  (see  Loerenthey,  £.,  NaL 
Hefte  Ungar,  Nat,  Aius,,  1 898.  Review  in  Neues  fahrb,  /,  Mineral,,  etc., 
1900,  Vol  2,  p.  473). 
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the  beginning  of  the  Pleistocene,  was  covered  by  the  Sarmatian  and 
Ponto-Caspian  Sea.  This  group  consequently  can  only  have 
reached  these  parts  at  a  later  period,  namely,  in  Interglacial  or 
Postglacial  times,  and  its  immigration  no  doubt  corresponds  to  the 
Siberian  of  Scharff  (/.  r.,  pp.  448  and  466).  In  regard  to  the  other 
group  formed  by  the  two  species,  P,  pallipes  and  torrmtium^  which 
occupy  the  South  and  West  of  Europe,  we  have  to  call  attention  to 
the  important  fact  that  this  group  is  found  not  only  in  Southern  and 
Western  Europe,  but  also  in  England.  Now  we  know  that  England 
was  connected  with  the  continent  in  Preglacial  and  even  during 
Glacial  times,  and  that  this  connection  existed  up  to  the  beginning 
of  the  Siberian  migration  (Interglacial).  It  was  interrupted  later — 
according  to  Osborn  (1900,  p.  572),  at  about  this  time  (Middle 
Pleistocene)  and  possibly  even  later.* 

The  fact  that  Potamobius  asiacus  is  found  in  France,  but  not  in 
England,  while  P,  pallipes  passes  over  into  the  latter  country, 
points  to  a  difference  in  time  of  the  immigration  of  either  species. 
P,  pallipes  arrived  in  these  parts  before  the  end  of  the  Glacial  time, 
P,  asiacus  at  the  end  of  it  or  even  later.  The  latter  consequently 
without  doubt  belongs  to  the  Siberian  migration,  but  rather  to  the 
later  part  of  it.  P.  pallipes  may  belong  to  the  earlier  Interglacial 
part  of  the  Siberian  migration  and  have  come  from  East  and  Cen- 
tral Europe;  but  it  is  also  possible  that  it  belongs  to  Scharff's 
southern  migration  and  came  from  Asia  Minor  over  the  Balkan 
Peninsula.  It  is  true,  forms  of  the  pallipes  group  have  not  been 
found  in  Asia  Minor  nor  in  Algiers,  but  it  is  not  impossible  that 
such  may  be  discovered  in  these  parts,  or  that  they  once  existed 
there  and  have  now  disappeared.  We  shall  see  below  why  this 
latter  assumption  is  admissible.  The  crayfishes  in  Asia  Minor, 
Southern  Italy  and  Algiers  may  have  been  exterminated  by  the 
freshwater  crabs  subsequently  occupying  these  parts.  Until  this 
question  is  finally  settled  it  is  impossible  to  decide  whether  the 
group  of  P,  pallipes  has  reached  its  present  area  by  the  southern 
route  (Miocene-Pliocene)  or  by  the  route  of  the  Siberian  migration 
(end  of  the  Pleistocene) ;  but  however  that  may  be  it  arrived  in 
Europe  before  the  group  oi  P,  asiacus. 

The  connection  of  the  European  crayfishes  with  the  Sinic  conti- 

1  Suess  (1888,  p.  528)  thinks  it  possible  that  this  happened  in  historic  time  or 
shortly  before  the  beginning  of  it. 
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nent,  where  presumably  their  original  home  was  located,  is  not  yet 
established.  It  must  necessarily  have  gone  over  Central  Asia.  Cray- 
fishes of  the  European  type  are  found  eastward  as  far  as  Turkestan. 
It  is  doubtful  whether  crayfishes  are  absolutely  lacking  in  the  region 
between  Turkestan  and  the  Amur  river.  None  are  reported,  but 
these  parts  are  very  poorly  known.  For  the  present  I  cannot  imag- 
ine any  reason  for  their  disappearance  in  this  region,  in  which  they 
must  have  once  existed,  and  therefore  it  is  well  to  suspend  judgment 
until  these  parts  have  been  properly  investigated.* 

SUMMARY  OF  RESULTS  OF  PART  II. 
A.  History  of  the  Continents. 

a.  Lower  Cretaceous,     (See  Fig.  5,  p.  379.) 

I.  During  the  Lower  Cretaceous  there  existed  a  Sino- Australian 
continent y  comprising  eastern  Asia^  the  Indo- Malaysian  Archipelago 
and  Australia^  and  which  was  continued  to  Antarctica.  We  may 
retain  for  this  continent  the  name  Sino-Australian,  although  it 
is  larger  than  that  drawn  by  Neumayr  for  the  Jurassic  time.  We 
are  justified  in  doing  this,  since  probably  the  Jurassic  Sino- Austra- 
lia also  included  Antarctica. 

II.  Besides,  we  have  a  Nearctic  continent :  this  consists  of  the 
larger  part  of  present  North  America^  and  extended  probably  across 
Greenland  to  the  Scandinavian  mass  of  North  Europe.  This  con- 
tinent also  corresponds  closely  to  Neumayr's  Nearctica  of  Jurassic 
times,  and  consequently  we  have  retained  this  name  for  it. 

III.  A  third  continent  was  formed  by  Central  America,  and  we 
shall  call  this  by  the  name  Antillia.  Its  remnants  are  now  found 
in  Central  America,  the  West  Indian  Islands  and  northern  South 
America  (excluding  Guiana).  This  continent  is  not  given  by 
Neumayr  for  the  Jurassic,  but  probably  existed  then. 

IV.  A  fourth  continent  was  formed  by  the  western  portion  of  old 

1  A  theory  lately  propounded  by  C.  F,  Wright  (see  Science,  Vol.  16,  Aug.  15, 
1902,  p.  262  f.)  would  go  far  toward  an  explanation  of  the  causes  leading  to  the 
destruction  of  the  Central  Asiatic  crayfishes  if  properly  supported.  Wright  be- 
lieves  that  Northern  and  Central  Asia  was  largely  covered  by  water  in  recent 
geological  time,  but  the  evidence  introduced  (or  this  is,  in  my  opinion,  entirely 
inappropriate.  Of  the  five  points  mentioned  by  Wright  two  (Nos.  3  and  4) 
have  no  bearing  at  all  upon  this  theory,  and  the  value  of  the  other  three,  espe- 
cially of  the  fifth,  is  highly  questionable. 
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Gondwana  Land.  It  comprises  the  Brazilian  mass  (including 
Guiana)  and  tropical  Africa  with  the  Lcmurian  Peninsula  (Mada- 
gascar-India). This  continent  corresponds,  generally,  to  Neu- 
mayr's  Jurassic  Brazi/o- Ethiopian  continent,  but  comprises  a 
smaller  part  of  South  America  (also,  for  Jurassic  times,  the  section 
of  South  America  that  entered  it,  according  to  Neuma)rr,  is  too 
large).  It  agrees  to  a  certain  degree  with  what  v.  Ihering  has 
called  Archhelcnis,  although  it  is  larger,  and  it  may  be  permitted 
in  this  sense  to  modify  the  conception  of  Archhelenis. 

Thus  in  Lower  Cretaceous  times  we  have  the  following  four  con- 
tinental masses :  Si  no- Australia,  Nearctica,  Antillia^  Archhelenis, 
which  were  mutually  isolated.  Besides,  there  were  smaller  islands, 
chiefly  in  the  region  of  present  Europe. 

b.   Upper  Cretaceous,     (See  Fig.  6,  p.  381.) 

The  following  changes  took  place : 

Sino  Australia  was  divided  into  a  Sinic  (Asiatic)  and  an ^t^i/raZraii 
part,  the  latter  comprising  Australia  and  Antarctica. 

The  Sinic  section  of  Si  no-Australia  became  united,  across  Bering 
Sea,  with  the  western  part  of  Nearctica, 

The  western  part  of  Nearctica  was  separated  from  the  eastern. 

The  western  part  of  Nearctica  became  united  with  Antillia, 

Guiana  became  united  with  Antillia  and  separated  from  the 
Brazilian  mass, 

Brazil  became  disconnected  from  Africa, 

The  Lemurian  bridge  was  connected  with  the  Sinic  continent. 

The  result  of  this  is: 

I.  An  irregular  ring  of  land  around  the  earthy  which,  generally, 
encircles  it  in  the  direction  of  the  equator,  but  curving  far  to  the 
north  in  the  region  of  the  Pacific  Ocean.  This  ring,  beginning  at 
the  Sinic  land,  goes  across  Bering  Sea  to  western  ISlorih  America, 
thence  to  Antillia,  Guiana,  Africa  and  the  Lemurian  land  bridge, 
which  latter  completes  it  by  its  union  with  the  Sinic  land.  We 
may  call  this  ring-shaped  continent  Mesozonia. 

Aside  from  Mesozonia  we  have,  separated  from  it,  the  following 
continental  masses : 

II.  Upper  Cretaceous  Nearctica.  Smaller  than  the  Lower 
Cretaceous  continent  of  the  same  name,  since  its  western  part  is 
cut  off  and  enters  Mesozonia. 
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III.  Archiplata  of  von  Ihering,  comprising  Brazil^  south  of  the 
Amazonas,  and  northern  Argentina, 

IV.  Archinotis,  comprising  Australia  and  Antarctica,  As  will 
be  noticed,  the  term  Archinotis  (as  used  by  von  Ihering  and  others) 
does  not  exactly  correspond  to  the  meaning  given  to  it  here,  but  we 
think  it  convenient  to  define  this  term  in  this  way,  applying  it  only 
to  the  truly  notal  regions  ;  aside  from  Australia  and  Antarctica^  a 
part  of  South  America  belongs  to  Archinotis,  namely  the  western 
(Chilian  coast  range). 

Note — The  existence  of  this  ring-shaped  continent  Mesozonia  in 
Upper  Cretaceous  times  is  extremely  important  for  marine  zoogeo- 
graphy. The  distinction  of  two  types  of  marine  faunas,  the  Medi- 
terranean and  the  Pacific,  is  well  known  among  geologists,  and 
this  continent  furnishes  an  explanation  for  this  differentiation  :  all 
parts  of  the  oceans  l.ving  to  the  north  <»f  Mesozonia — as  far  as  the 
present  knowledge  goes — possess  the  Mediterranean  type^  all  parts 
to  the  south  of  it  exhibit  the  Pacific  type}  In  subsequent  times 
both  types  of  marine  faunas  frequently  communicated,  but  there 
was  never  a  complete  fusion  of  both  elements,  and  finally  they 
developed  into  the  Atlantic  and  Indo  Pacific  types  of  the  present 
marine  fauna,  the  Atlantic  being  a  continuation  of  the  Mediterra- 
nean, In  later  Tertiary  and  recent  times  the  differences  of  both 
were  again  emphasized,  chiefly  on  account  of  the  development  of 
an  Arctic  and  Antarctic  type  through  the  action  of  climatic 
agencies,  which  prevented  their  communication  in  the  northern  and 
southern  regions  of  the  earth  At  present  both  original  types 
which,  as  we  have  seen,  go  back  to  the  Cretaceous,  are  restricted  to 
the  circumtropical  belt,  and  are  absolutely  separated. 

c.  Lower  Tertiary,     (See  Fig.  7,  p.  383.) 

The  following  changes  appear : 

The  ring  formed  by  Mesozonia  was  interrupted  at  three  places : 
I.  between  Guiana  and  Africa;  2.  in  Central  America  (Panama 
region) ;  3.  between  Africa  and  Southeast  Asia.     This  latter  inter- 

^  Of  course,  there  are  apparent  excep4ons.  The  Lower  Senonian  deposits  of 
western  Venezuela  possess  Mediterranean  charactc  r  (see  Gerhardt,  N,  Jakrb. 
Miner.,  etc,  Berl.,  B.  1 1, 1897),  but  ihis  is  possibly  explained  by  the  assumption 
that  they  formed  part  of  the  Caribbean  Sea  just  formed  (see  above,  p.  343).  The 
Meditenanean  character  of  the  Lower  Cretaceoos  of  Colombia,  Ecuador  and 
Peru  is  easily  explained  by  the  Orinoco  strait. 
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ruption  is  a  double  one,  the  Lemurian  bridge  between  Madagascar 
and  India  being  destroyed  and  India  becoming  again  disconnected 
from  the  Sinic  land. 

The  southern  part  of  Antillia  (with  Guiana)  becomes  united  with 
Archiplata. 

Archiplata  becomes  connected  with  Antarctica. 

Antarctica  is  cut  off  from  Australia, 

This  results  in  the  following  five  isolated  continental  masses : 

I.  SinoNearctic  continent.  Composed  of  the  whole  of  North 
America  (including  possibly  the  Scandinavian  mass  in  Europe;,  the 
northern  parts  of  Central  America  and  of  Eastern  Asia  (Sinic 
land). 

Sino-Nearctica  comes  very  near  to  what  von  Ihering  has  called 
Archiboreasy  with  the  exception  that  Europe  does  not  belong  to  it. 
Von  Ihering's  Archiboreas  is  almost  identical  with  the  **  HolarcHc 
region y^  only  from  the  latter  the  ^*  Sonoran  region**  (southern 
North  America)  is  excluded. 

II.  Old  Tertiary  Africa.  This  mass  nearly  approaches  to 
present  conditions,  but  still  includes  Madagascar  and  Arabia. 

III.  The  Indian  Island.  A  very  small  part,  hardly  worth  the 
name  of  a  continent,  but  here  so-called  in  order  to  emphasize  this 
important  stage  in  the  development  of  southern  Asia. 

IV.  Australia,  which  closely  resembles  its  present  form. 

V.  Archinoiis  and  Archiplata^  together  with  the  southern  parts  cf 
old  Antillia  (northern  South  America).  This  largely  represents 
present  South  America  with  the  addition  of  the  Antarctic  land.  If 
we  are  to  choose  a  name  for  it,  we  should  like  to  propose 
Neonotis,  in  allusion  to  its  relation  to  the  older  (Upper  Cretaceous) 
Archifiotis  and  the  Neotropical  continent  of  recent  times. 

d.  Upper  Tertiary.     (See  Fig.  8,  p.  385.) 

The  following  are  the  most  important  changes : 

Sino  Ncarctica  is  greatly  enlarged,  and  becomes  connected  with 
the  following  parts:  i.  in  the  Old  World,  with  the  island  o^ India, 
with  Africa,  with  the  European  Archipelago,  and  with  Scandinavia ; 
2.  the  Nearctic  part  of  Sino-Nearctica  becomes  connected,  in  the 
region  of  the  Isthmus  of  Panama,  with  Neonotis  (South  America). 

Mtidagtiscar  is  cut  off  from  Africa. 

Antarctica  becomes  separated  from  South  America. 
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The  result  is : 

I.  One  large f  continuous^  continental  mass,  comprising  almost  all 
of  the  Old  and  New  Worlds.  We  may  call  it  HoLOGiBA.  It  is 
composed,  not  only  of  the  Otd  World,  together  with  North 
America  {Arctogaa  of  previous  authors;,  but  also  oi  South  America 
{Neogcea  of  previous  authors). 

Separated  from  it,  we  have  only  the  following  smaller  parts  of  old 
continental  masses: 

II.  Australia,  which  may  be  regarded  as  a  second  continent. 

III.  Madagascar,  which  is  merely  an  island. 

IV.  Antarctica,  which,  on  account  of  the  deterioration  of  the 
climate,  loses  its  character  as  a  centre  for  the  origin  of  life. 

Note — Here  we  have  the  greatest  continuity  of  land  masses  of  the 
earth  that  ever  existed  :  practically  all  parts  of  the  world  that  are 
important  zoogeographical  centres  were  mutually  connected,  with 
the  exception  of  two  comparatively  small  sections,  Australia  and 
Madagascar,  and  the  barren  regions  of  Antarctica.*  This  union  of 
old  centres  of  radiation  had  a  very  important  result :  we  must  attribute 
to  it  the  fact  that  the  distribution  of  many  continental  forms  of  life 
has  been  rendered  confused,  and  the  diflSculty  at  the  present  time  in 
tracing  the  origin  of  the  different  groups.  Of  course.  Upper  Cre- 
taceous Mesozonia  and  other  connections  of  Pre-Miocene  times  have 
had  their  share  in  effacing  many  of  the  original  features  of  distribu- 
tion, but  Late  Tertiary  Hologcea  is  the  chief  cause  of  uniformity  in 
distribution :  in  most  cases  "cosmopolitan  "  distribution,  with  the 
exception  of  Australia  and  Madagascar,  may  safely  be  referred  to 
these  Upper  Tertiary  conditions. 

e.  Recent  time. 

The  most  important  changes  that  brought  about  the  present  dis- 
tribution of  the  continents  is  the  separation  of  North  America  from 
Asia  by  Bering  Strait,  and  of  North  America  from  Europe.  Thus 
we  obtain  a  recent  zoogeographic  division  into  parts  that  represent 
important  centres  of  distribution  : 

I.  Old  World  (Europe,  Asia,  Africa).  This  agrees  partly  with 
Sclater's  Arctogaa,  except  that  North  America  is  excluded.  We 
may  choose  for  it  the  name  £uGiEA. 

^  I  think  that  in  Late  Tertiary  times  Antarctica  wai  not  so  desolate  and  desti- 
tute of  life  as  it  is  now,  but  there  is  no  doubt  that  the  present  character  began  to 
develop. 
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II.  I^ew  World  (America).  This  is  North  America  and  Sclater's 
Neogaa,  I  think  there  is  no  objection  to  use  N£0GAA  for  the 
whole  of  the  «'  New  World." 

III.  Australia.     This  is  Sclater's  Noiogaa. 

IV.  Madagascar.  Although  of  small  size,  the  historical 
development  warrants  a  consideration  of  Madagascar  as  a  separate 
centre.  In  fact,  it  is — aside  from  Australia — the  oldest  isolated 
part  of  the  world. 

V.  Antarctica.  This  is  no  longer  a  centre  of  radiation  j  it  is 
now  barren  of  continental  life. 

Note — We  claim  that  this  division  solves  theproblem  ofzoogeographi- 
cal research  as  indicated  by  Osborn,  and  amended  in  the  introduc- 
tion (see  p.  269,  footnote  3)  :  //  unites  historic  al/y  and  genetically  past 
and  present  conditions  of  distribution  of  continental  life — that  is  to 
say,  it  gives  a  division  that  is  founded  upon  the  present  physical 
features  of  the  earth's  surface  as  related  to  life,  and  pays  due  atten- 
tion to  the  past  history  of  the  earth.  But  this  division  takes  into 
consideration  only  the  chief  topographical  characters ;  yet  there  are 
others,  especially  those  connected  with  climatic  differentiation, 
which  are  apt  to  furnish  additional  points  of  view  in  dividing  the 
earth  in  zoogeographical  units.  By  using  the  latter  we  shall  arrive, 
with  only  slight  changes,*  at  Wallace's  regions^  which,  as  we  have 
mentioned  above  (p.  271),  are  well  supported  hy  physical  characters  ^ 
although  Wallace  constructed  them  according  to  entirely  different 
principles. 

B.  History  of  the  Distribution  of  Crayfishes. 
(Compare  Fig.  i,  p.  275.) 

1.  In  the  Lower  Cretaceous  we  are  to  assume  that  the  ancestors 
of  the  Potamobiidce  and  Parcutacidce  lived  in  Sino- Australia ^  possi- 
bly extending  to  its  southern  extremity,  Antarctica. 

2.  During  the  Middle  Cretaceous,  Astacotdes  reached  Madagcucar 
by  way  of  the  Lemurian  land-bridge,  coming  from  the  Sinic  conti- 
nent. Shortly  after  this,  in  the  Upper  Cretaceous^  the  separation 
of  eastern  Asia  and  Australia  took  place,  resulting  in  the  differen- 
tiation of  the  families  Potamobiidm  (in  the  Sinic  continent)  and 
Parastacidce  (in  Archinotis).  At  the  same  time,  the  Potamobiida 
extended  their  range  into  western  North  America^  going  as  far  as 
Central  America,     Thus,  in  the  Upper  Cretaceous,  the  Potcunobiidce 

'  This  refers  to  Madagascar. 
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extended  over  a  great  part  of  Mesozonia^  from  southeastern  Asia 
over  northwestern  America  to  southern  Mexico,  and,  in  more 
primitive  forms  (approaching  Asiacoides\  extending  even  from 
southern  Asia  across  India  to  Madagascar.^ 

3.  In  Lower  Tertiary  times,  the  genus  Potamobius  gives  origin, 
in  Mexico^  to  the  genus  Cambarus^  and  this  spreads  over  the 
eastern  parts  of  North  America.  The  ParastacidcR  of  Archinotis 
extend  from  Chili  to  northern  Argentina  and  southern  Brazil^  and 
the  family  is  divided  into  an  Australian  group  (which  splits  up  in 
several  genera)  and  a  group  belonging  to  Neonotis  {Parastacus). 

4.  In  Upper  Tertiary  times  (and  later),  the  Potamobiidce  from 
eastern  Asia  reach  western  Asia  and  Europe^  and  the  Parastacida 
become  restricted  to  Australia,  New  Zealand  and  South  America.' 

C.  History  of  the  Distribution  of  Freshwater  Crabs. 
(Compare  Fig.  3,  p.  297.) 

1.  In  the  Upper  Cretaceous,  freshwater  crabs  o^  the  family 
Potamonidcs  existed  in  parts  of  Mesozonia,  beginning  in  India 
(possibly  going  eastward  to  the  Malaysian  islands),  and  extending 
over  the  Lemurian  bridge  to  Africa,  Guiana  and  Central  America.* 

2.  In  the  beginning  of  the  Lower  Tertiary ,  we  find  this  area 
divided  into  two  main  portions.  The  one  comprises  parts  of 
America  :  the  northern  parts  of  Neonotis  and  the  southern  parts  of 
Sino-Nearctica  (northern  Central  America),  which  are  again  sepa- 
rated from  each  other.  These  regions  are  inhabited  by  the  sub- 
family Poiamocarcininct.  The  second  main  portion,  occupied  by 
the  subfamily  Potamonince,  is  formed  by  Africa  and  India,  and 
this,  during  this  time,  is  again  divided  into  two  sections,  an 
African  (including  Madagascar)  and  an  Indian, 

3.  In  the  Upper  Tertiary  (and  later),  the  two  sections  of  the  range 
of  the  Potamocarcinince  become  reunited,  so  that  this  subfamily  now 
occupies  the  West  Indian  region^  Central  America  ant  northern 
South  America,     Also   the    immigration   in   the  Lesser  Antilles 

^  The  possible  cause  of  the  check  to  the  farther  distribution  of  the  crayfishes 
over  Mesoz  nia,  westward  beyond  Madagasca  and  south-  and  eastward  beyond 
Central  America,  will  be  discussed  below  (see  p.  391). 

'The  Madagasoian  form,  Astacoides,  therefore  does  not  belong  to  this  stock, 
but  should  form  a  group  by  itself. 

3  It  will  be  noticed  that  the  distribution  of  crayfishes  and  crabs  in  Mei«osonia  is 
almost  mutually  exclusive :  they  came  into  contact  only  in  Lemnria  (and  South 
Asia)  and  northern  Central  America.    See  below,  p.  391. 
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occurred  at  this  time.  The  African  stock  of  the  Potamanina 
remains  practically  unchanged,  the  Matiagassian  forms  alone 
becoming  separated  from  it;  the  Indian  stock  spreads  over  the 
Malaysian  islands  to  North  Australia  and  Japan^  and  further, 
sends  out  a  westward  bram  h  over  western  Asia^  reaching  Southern 
Europe  and  Northern  Africa. 

D.    DlSFRIBUTION  OF    iECLEA  AND   THE   TRICHODACTYLINiE. 

(Compare  Fig.  2,  p.  296,  and  Fig.  4,  p.  311.) 

1.  The  remarkable  resemblance  of  the  range  oi  yEglea  to  that  of 
Parastacus  suggests  identity  of  origin.  This  would  mean  that 
yEg/ea,  in  the  beginning  of  the  Tertiary,  inhabited  Chdi,  and 
migrated,  at  this  time,  into  northern  Argentina  znd  southern  Brazil. 
Since  there  are  no  closer  relations  to  this  peculiar  genus  in  any 
other  part  of  the  world,  yEgiea  apparently  is  indigenous  to  Chili, 
i.e.y  to  the  northern  extremity  of  the  American  part  of  Archinotis^ 
and  siibsfqnently  extended  only  into  the  southern  part  o{  A* chiplata. 
Of  course,  the  opi>osite  direction  of  migration  also  is  possible. 

2.  As  we  have  seen  above  (p.  312)  the  distribution  of  the  Iricho- 
dacfylince  offers  no  remarkable  feature.  It  belongs  to  the  Atlantic 
slope  ot  present  South  America  (the  Neotropical  region  of  Wallace) 
and  seems  to  have  formed  under  the  recent  conditions.  Possibly, 
thissubiamily  is  a  new  addition  to  the  freshwater  fauna,  and  immi- 
grated from  the  marii.e  littoral  of  the  Atlantic.  Further  investiga- 
tion of  this  question,  together  with  a  closer  study  of  the  morpho- 
logy and  systematic  relations  of  this  group  are  very  desirable.* 

PART  III.     CLIMATIC   AND    BIOC(»ENOTIC5    BARRIERS  TO  THE 
DISTRIBUTION  OF  CRAYFISHES  AND   CRABS. 

In  the  foregoing  discussions  we  have  repeatedly  called  attention 
to  some  distributional  facts  which  we  were  unable  to  explain.    For 

*  Tliis  extension  began  possibly  as  early  as  the  Upper  Cretaceous  and  Lower 
Tertiary. 

'  Evcylhing  here  depenns  on  the  systematic  position  and  afHnity  of  this  group. 
If  it  shouM  be  a  primitive  one,  and  really  belong  to  the  PotamoniJa^  it  is 
possible  that  it  reached  Biazil  In  t.ower  Crttaceous  times,  when  it  formed  |>artof 
Archhelenis.  Its  isolation  in  Upper  Cretaceous  Archiplata,  which  was  not  fully 
destroyed  when  it  became  a  part  of  Lower  Tertiary  Neonotis,  would  explain  its 
isolated  mm  phological  ()osiii(>n.  In  the  Tertiary  ihis  subfamily  would  then  hare 
ext(  nded  its  range  northward. 

3  As  to  the  term  **  Biocoen'ttic  barrier/'  compare  Ortmaan,  Grumttuege  der 
marinen  1  kief geographie,  1896,  pp.  41  and  70. 
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convenient  study  we  may  put  them  together  here  under  the  follow- 
ing heads : 

1.  Explanation  of  the  absence  of  Potamocarcinina  in  Brazil  south 
of  the  Amazonas  river. 

2.  Explanation  of  the  absence  of  Parastacida  in  Middle  and 
Northern  South  America. 

3.  Explanation  of  the  absence  of  AsfacoidesWke  forms  in  Africa. 

4.  Explanation  of  the  absence  of  Potamobiidce  in  Central  and 
South  America. 

5.  Explanation  of  the  absence  of  crayfishes  in  Central  and  South 
Asia  and  on  the  Malaysian  islands. 

We  can  dispose  of  the  first  point  with  ease ;  indeed,  we  have  in- 
dicated above  the  chief  cause  of  it.  The PotamocarcinituB  originally 
(in  the  Upper  Cretaceous)  occupied  only  the  region  to  the  north 
of  the  Amazonian  interoceanic  connection.  In  the  Tertiary  we 
have  a  connection  of  northern  South  America  with  the  Brazilian 
mass  (Archiplata)  in  the  west  (region  of  the  Cordilleras),  and  we 
^ee  that  the  crabs  availed  themselves  of  this  opportunity  and  spread 
over  the  mountainous  regions  of  Ecuador,  Peru  and  Bolivia,  possi- 
bly here  reaching  a  climatic  southern  boundary.  The  Amazonas 
valley,  however,  remained  sea  during  a  much  longer  time  and  was 
gradually  and  slowly  filled  by  the  deposits  carried  down  from  the 
mountains.  Thus,  up  to  a  comparatively  recent  time,  it  was  im- 
possible for  the  Potamocarcinince  to  cross  this  depression.  That 
there  now  exists  a  possibility  of  crossing  this  old  barrier  is  shown 
by  the  existence  of  at  least  one  species  on  the  southern  banks  of  the 
mouth  of  the  Amazonas  near  Pard. 

In  regard  to  the  second  point — the  absence  of  Parastacida  in  the 
main  (tropical)  part  of  Brazil — I  can  offer  no  explanation.  They 
must  have  immigrated  into  Southern  Brazil  early  in  Tertiary  times, 
and  possibly  we  have  to  deal  here  with  a  climatic  barrier. 

We  may  take  toge'her  the  other  three  points,  since  they  appar- 
ently are  subject  to  identical  causes.  Looking  at  the  original  dis- 
tribution of  the  crayfishes  and  crabs  in  Upper  Cretaceous  times,  we 
have  to  note  the  very  remarkable  fact  (see  p.  388,  footnotes  i 
and  3)  that  both  together  occupied  the  whole  of  Mesozonia,  but 
each  different  parts  of  it  almost  to  their  mutual  exclusion.  The 
crayfishes  seem  to  have  existed  in  the  Asiatic  part  of  this  conti- 
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nental  ring  and  in  the  North  American  as  far  as  the  northern  sec- 
tion of  Central  America.  There  they  gave  place  to  the  freshwater 
crabs,  which  extended  thence  to  Northern  South  America,  Africa 
and  Lemuria,  where  they  came  again  into  touch  with  the  cray- 
fishes. 

The  same  fact,  namely,  that  crayfishes  and  crabs  are  mutually 
exclusive,  holds  good  for  their  distribution  in  recent  times.  This 
fact  was  first  pointed  out  by  Milne-Edwards ;  it  has  also  been  men- 
tioned by  Faxon,  and  the  present  writer^  has  used  it  for  the  expla- 
nation of  some  of  the  features  in  their  distribution.  It  seems, 
therefore,  that  the  crabs  are  more  vigorous  and  active  than  the 
crayfishes,  and  that  wherever  they  came  into  actual  contact  the 
latter  were  exterminated  by  the  former.  It  is  true  there  are  some 
countries  from  which  both  types  of  Decapods  have  been  reported, 
namely,  Mexico,  Northeastern  Australia  and  Madagascar ;  but  we 
have  no  report  that  both  are  found  associated  in  the  same  localities 
and  in  the  same  rivers,  streams,  ponds  or  lakes,  and  it  is  very  likely 
that  just  in  these  regions  crabs  and  crayfishes  inhabit  stations  of  a 
different  character.  The  closer  investigation  of  these  conditions 
would  be  most  interesting. 

If  we  apply  this  idea,  that  the  presence  of  crabs  forms  a  biocoen* 
otic  barrier  to  the  crayfishes  in  the  former  distribution  of  both,  we 
obtain  the  following  result : 

The  crayfishes  are  geologically  older  than  the  crabs.  They  ex- 
isted, in  Lower  Cretaceous  times,  in  Si  no- Australia,  and  conse- 
quently also  in  the  region  of  Southeastern  Asia  and  the  Malaysian 
islands.  In  the  Middle  Cretaceous  they  sent  a  branch  {Astacoides) 
across  India  to  Madagascar.  But  in  the  Upper  Cretaceous  the 
freshwater  crabs  arrived  (or  originated)  in  the  same  region  (Lemu- 
ria)  and  extended  into  Southern  Asia  and  the  Malaysian  Archipel- 
ago, everywhere  exterminating  the  crayfishes,  namely,  in  India, 
Southeastern  Asia  (Farther  India  and  China)  and  on  the  islands. 
They  not  only  acted  as  a  check  to  the  distribution  of  the  cray- 
fishes, but  directly  annihilated  them.  Only  in  Madagascar  Asta-- 
vaides  survived,  probably  because  in  this  island  it  inhabits  parts 
that  have  not  been  occupied  by  the  crabs.*    On  the  other  hand, 

*  See  Ortmann,  in  ZooLJahrb.  Syst,^  VoL  9,  1896,  p.  593  f.,  and  in  Bronn's 
Klassen  und  Ordnungen^  VoL  5, 1901,  p.  1289. 

'  Possibly  the  large  size  of  Astacoides  has  wmething  to  do  with  its  sanriraL 
Astacoidis  is — aside  from  some  Soath  Australian  species — by  face  the  largeit  type 
of  all  crayfishes. 
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the  original  presence  of  crabs  in  Africa  at  about  the  middle  of  the 
Cretaceous  would  explain  the  fact  that  no  crayfishes  are  found  on 
this  continent ;  but,  on  the  other  hand,  there  is  the  possibility  that 
crayfishes  once  existed  there,  but  have  become  extinct  on  account 
of  the  increase  of  crabs  in  this  country. 

Then,  again,  after  the  crayfishes  had,  in  Upper  Cretaceous  times, 
occupied  western  North  America  and  Mexico,  they  met  here  with 
the  crabs  which  came  from  the  south,  and  their  farther  advance 
was  checked  by  this  biocoenotic  barrier. 

The  question  remains,  why  did  the  crabs  not  advance  beyond 
their  present  (and  old)  boundaries  in  Chma,  Australia  and  Mexico? 
If  it  is  correct  that  the  existence  of  crabs  forms  a  barrier  to  the  ex- 
tension of  the  crayfishes,  the  opposite  cannot  be  the  case.  The 
presence  of  crayfishes  would  not  put  a  stop  to  a  farther  dispersal  of 
crabs.  But  here,  I  think,  we  have  to  deal  with  climatic  barriers. 
All  freshwater  crabs  are  truly  tropical  animals,  entering  in  only  a 
few  cases  subtropical  countries,  but  never  tem|)erate  or  cold  regions, 
and  thus  it  seems  that  the  northern  boundaries  of  the  Potamonida 
in  China  and  Mexico  and  the  southern  in  Australia  are  due  to  the 
climate  of  these  respective  parts.  The  same  seems  to  be  true  in 
Europe,  Western  Asia  and  in  Bolivia,  where  the  northern,  resp. 
southern  boundaries  are  apparently  given,  in  a  large  part,  by  some 
features  of  the  climate. 

It  will  be  noticed  that  in  applying  this  principle  to  the  past  dis- 
tribution of  the  crabs  it  is  necessary  to  assume  the  existence,  in 
earlier  Tertiary  and  even  Pretertiary  times,  of  climatic  differences 
on  the  continents^  although  we  do  not  believe  in  a  climatic  differen- 
tiation of  the  oceans  of  the  Mesozoic  period.  But  this  is  entirely 
in  keeping  with  our  opinion  expressed  in  a  previous  paper.*  And, 
further,  I  do  not  mean  to  say  that  the  present  climatic  boundaries 
of  the  crabs  are  identical  to  those  of  former  times.  On  the  con- 
trary, it  is  quite  possible,  for  instance,  that  in  China  the  crabs 
formerly  extended  farther  north,  and  in  Europe  we  know  positively 
that  the  European  species  did  so  in  Diluvial  times,  reaching  as  far 
as  Hungary,  where  it  does  not  now  live  (see  above,  p.  376,  foot- 
note). The  southern  boundary  of  the  crabs  in  Australia,  however, 
seems  to  be  original  and  has  not  retreated  equatorward,  since  these 

^  Ortmann,  A.  E.,  « An  Examination  ...  of  Climatic  Zones  in  Jurassic 
Times,"  in  Amer,  Journ,  Sii,,  Vol.  I,  1896,  p.  270,  fo<.mote. 
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crabs  arrived  there  presumably  in  a  very  recent  period.  Only  the 
boundary  in  Mexico  needs  investigation,  but  possibly  here  it  is  not 
temperature  that  puts  a  stop  to  the  northern  advance  of  the  crabs^ 
bat  another  climatic  factor,  namely^  the  arid  or  semiarid  character 
of  the  country  lying  to  the  north  of  the  actual  boundary,  which 
possibly  has  existed  from  the  beginning  of  the  Tertiary. 

The  above  considera,tions  would  sufficiently  explain  the  third, 
fourth  and  partly  the  fifth  points  (see  p.  390),  namely,  the  absence 
of  crayfishes  in  Africa,  the  absence  of  Potamobiida  in  Central  and 
South  America  and  their  absence  in  South  and  Southeast  Asia 
and  on  the  Malaysian  islands.  They  could  not  enter  Africa  and 
could  not  go  beyond  Mexico  on  account  of  the  presence  of  crabs 
in  these  parts,  and  in  Southeastern  Asia  and  Malaysia  they  must 
have  once  existed,  but  have  succumbed  under  the  onslaught  of  the 
crabs.  This  latter  cause  seems  also  to  control  the  distribution  of 
the  crabs  and  crayfishes  in  Southern  Europe  (see  p.  377).  It  does 
not  explain,  however,  the  absence  of  crayfishes  in  Central  Asia, 
and,  as  regards  (his  point,  we  are  unable  to  offer  any  reasonable 
explanation  (see  p.  378  and  footnote). 

CONCLUSION. 

Although  we  have  tried  to  advance  explanations  for  many  of  the 
puzzling  facts  in  the  distribution  of  the  freshwater  Decapods  dis- 
cussed here,  we  are  to  bear  in  mind  that  the  ideas  brought  forward 
are  largely  hypothetical  and  tentative.  In  many  respects  we  have 
found  a  wonderful  agreement  between  the  distributional  facts  and 
what  is  known  about  the  geology  and  tectonics  of  the  respective 
parts,  and  it  was  one  of  my  chief  purposes  to  point  out  that  it  is 
possible  to  more  closely  correlate  zoogeography  and  geology.  But, 
nevertheless,  I  am  fully  aware  of  the  danger  that  lies  in  our  incom- 
plete knowledge,  not  only  of  the  geoloj^ical  configuration  of  the 
different  countries  here  discussed,  but  also  in  the  deficiency  of  the 
chorulogical  facts  at  hand. 

I  wish  most  strongly  to  emphasize  that  I  do  not  believe  in  all 
cases  to  have  correctly  revealed  the  ancient  relations  of  land  and 
water,  and  I  think  that  my  ideas  of  the  old  continents  need  con- 
firmation and  probably  modification.  I  have  only  tried  to  give  a 
representation  of  what  I  think  of  the  changes  that  have  taken  place 
during  the  earth's  history,  as  lar  as  the  present  state  of  our  knowl- 
edge permits  of  any  conclusions  in  this  respect,  and  I  earnestly 
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wish  that  my  opinions  may  be  investigated  by  other  authors  and 
compared  with  material  furnished  by  other  groups  of  animals,  as 
well  as  with  more  complete  and  reliable  geological  observations  to 
be  made  in  future.  The  way  in  mhich  such  investigations  should 
be  carried  on  has  been  indicated  in  this  paper. 

Finally,  I  want  to  point  out  that  most  of  the  ancient  continental 
connections  here  discussed  are  not  treated  for  the  first  time,  but 
have  been  hinted  at  or  more  or  less  closely  investigated  by  previous 
authors,  zoogeographers  as  well  as  geologists.  But,  unfortunately, 
the  former  have  not  generally  paid  much  attention  to  the  results 
obtained  by  the  latter,  and  vice  versa.  Just  this  lack  of  a  broader 
view,  chiefly  among  zoogeographers,  has  induced  me  to  attempt  to 
harmonize  both  sets  of  facts,  and  the  results  here  presented  are  pos- 
sibly apt  to  serve  as  an  apology  for  having  undertaken  this  task 
although  much  preliminary  work  remains  to  be  done. 

APPENDIX. 

Rblation  of  the  Marine  Decapod  Faunas  of  the  Eastern 
AND  Western  Sides  of  Tropical  America. 

We  have  mentioned  above  (p.  359,  footnote)  that  the  facts  fur- 
nished by  the  characters  of  the  marine  faunas  of  either  side  of  Cen- 
tral Amer'ca  are  frequently  misunderstood  or  misrepresented.  In 
order  to  get  at  a  proper  understanding  of  the  relations  of  the 
Atlantic  and  Pacific  Oceans,  as  revealed  by  these  facts,  I  shall 
endeavor  here  to  give  a  (incomplete)  list  of  identical,  resp.  closely 
allied  forms  of  Decapod  Crustaceans,  which  are  especially  apt  to 
throw  a  light  on  this  question. 

I  have  made  it  a  point  to  include  in  this  list  only  such  forms  as 
give  plain  and  unmistakable  indications  in  this  respect,  that  is  I 
have  used  only  those  cases  in  which  the  relations  between  the 
Panamic  and  Caribbean  region  are  the  closest  known,  which,  gen- 
erally, is  self-evident  only  when  the  respective  forms  (mostly 
species  of  the  same  genus)  are  not  known  outside  of  American 
waters.  In  genera  or  groups,  where  representatives  are  also 
known  from  other  parts  (especially  the  Indo- Pacific  region),  it  is 
not  always  easy  to  determine  the  relation  of  the  different  forms, 
and  the  question  whether  the  West  and  East  American  forms  are 
the  most  closely  allied  ones  remains  unsettled  :  therefore  I  shall 
disregard  such  instances. 


1902.]  AND  ANCIENT   GEOGRAPHY.  395 

Nevertheless,  I  am  able  to  offer  here  a  list  that  is  quite  large.^ 


Pacific  Side. 

Atlantic  Side. 

Remarks. 

Panulinis  interruptus 
(Rand.). 

P.  argus  (Latr.). 

The  Califoraian  species  is 
the  most  closely  allied 
form,  although  the  genus 
is  circumtropicaL 

C  A  1.  C I N  U  S        TIBICEN 

(Hbst.),    Ecuador 
(Nobili,    BolL    Mus. 
Torino,  Vol.  l6,  1901, 
p.  26). 

C.  TIBICEN  (Hbst.). 

Petrolisthes       gala- 

THINUS  (BOSC). 

P.  GALATHINUS  (BoSC). 

We  exclude  P.  armatus 
Gibb.  as  a  circumtropical 
species. 

Pachycheles       pana- 
MENsis  Fax.  (see  No- 
bili, /.  r.,  p.  19). 

P.  PANAMENSIS  Fax. 

Genus  Lepidopa. 

Genus  Lepidopa. 

Number  of  species  doubtful, 
but  exclusively  found  in 
the  West  Indies  and  Low. 
California.  The  species 
on  both  sides  difierent. 

Remipes  strigillatus 
Stps. 

R.  mbensis  Sauss. 

Also  in  West  Africa.  This 
group  of  the  genus  is 
&und  nowhere  else.  The 
genus  is  circumtropical. 

Albunea  lucasia  ( Sauss.). 

A.  gibbesi  and  pareti. 

No  other  species  of  the 
genus  are  so  closely  allied, 
although  the  genus  is  cir- 
cumtropical. 

HiPPA  EMERITA  (L.). 

H.  EMERITA  (L.). 

Genus  circumtropicaL 

Hypocoftcha    panamen- 
sis  Sm. 

ILsabulosa  (Hbst.). 
//.  arcuata  Stps. 

Genus  found  nowhere  else. 

EtHUSA   AMERICANA  A. 

M.-E. 

E.  AMERICANA. 

Genus  cosmopolitan. 

*  Where  no  references  are  given,  the  facts  are  taken  from  Ortmann,  in 
Bronn's  Klass.  u,  Ordn,y  Vol.  5,  1900,  p.  1275,  and  from  my  unpublished  revis- 
ion of  the  respective  groups  for  the  **  Thierreich." 

Identical  species  are  printed  in  Small  Capitals  ;  the  most  important  forms, 
where  the  genus  is  not  found  outside  of  American  waters,  are  printed  in  italics, 

PBGC.  AMER.  PHIL08.  800.  XLI.  171.  Z.      PBIMTBD  JAN.  10,  1902. 
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Pacific  Side. 


Ranilia  angustata  Stps. 
.R.  fornicata  (Fax.). 


Lithadia  cumingi  Bell. 
Z.  digueti  Bouv. 


Uhlias  ellipticus  Stps. 

Persephona  subovata 

(Rthb.). 
P.  orbicularis  Bell. 
P,  edwardsi   Bell   (—  ? 

townscndi  (Rthb.)). 


Hepatus  chiUnsis  M.-E. 


Hepatella  actua  (Srps. ). 
H,  lavis  (Rthb.). 
H,  lata  (Fax.). 
H,  arnica  Sm. 


Atlantic  Side. 


R.  muricata  M.-E. 

IR.  stimpsoni  (A.  M.- 
E.). 
R.  constricta  (A.  M.- 
E.). 


L.  cariosa  Stps. 
L,  micrsi  Ortm. 

L.  itidiiv^rt^ui  Stp4, 
L,  cif/f^nsis  Mrls« 
L,  pontifera  Sips. 

U,  limbatus  Stps. 

P,  punctata  (L.). 


//.  epheliticus  (L.). 
//.  annularis  (OI.). 


H.  tuber osa  (Stps,). 


Remarks. 


Ranilia  M.-E.  includes  Not- 
opus  d.  H.  and  Raninops 
A.  M.-E.  The  species 
mentioned  here  form  a 
natural  group,  which  is 
not  found  elsewhere. 

This  genus  is  found  nowhere 
else. 


Genus  found  nowhere  else. 

Of  one  species  (P.  lichten- 
steini  Leach)  the  habitat 
is  unknown,  but  it  is  cer- 
tainly from  America.  The 
genus  is  not  found  else- 
where. 

Several  doubtful  species,  but 
none  outside  of  American 
waters. 

Hepatella  —  Osachila.  One 
species,  H.  stimpsoni 
(Stud.),  at  Ascension  Is- 
land. No  other  species 
from  any  other  ixirt  of  the 
world. 


The  following  are  taken  from  Rathbun,  U.  S.  Nat.  Mus,,  Vol. 
15,  1892: 


Pericera  triangulaia 

Rthb. 
/'.  contigua  Rthb. 

Othonia  nicholsi  Rthb. 


Mithrax  (4  species). 


P,  cornuta  (Hbst,). 
P.  atlantica  Rthb. 
Othonia  (4  species). 

Mithrax  (14  species). 


Genus  found  nowhere   out- 
side of  America. 


Genus  not  found  outside  of 
America. 

Genus  not  found  outside  of 
America. 


1902.] 


AND  ANCIENT   GEOGRAPHY. 


397 


The  following  are  taken  from  Rathbun,  U.  S,  Nat,  Mus,^  Vol. 
i6,  1893: 


Pacific  Side. 


Libinia  macdonaldi 
Rthb. 


Pelia  (2  species). 
Epialtus  bitubercula- 

TUS. 


Atlantic  Side. 


L.  spinimana  Rthb. 


Pelia  (2  species). 

E.  BITUBERCULATUS. 


Remarks. 


Other  species  known  from 
both  sides,  and  possibly 
from  other  parts  of  the 
world,  but  these  two  are 
especially  closely  allied. 

Genus  found  nowhere  else. 

There  are  four  other  species 
on  the  Pacific  side.  The 
genus  is  found  nowhere 
else. 


The  following  is  taken  from  Rathbun,  ibid.^  Vol.  18,  1896,  and 
Froc.  BioL  Soc.  M^ash.^  Vol.  10,  1897  : 


Callinectes  (4  species).    !  Callinectes  (6  species). 


All  Pacific  species  different 
from  the  Atlantic.  Three 
of  the  Atlantic  species 
also  found  in  West  Africa. 
Genus  not  found  else- 
where. 


The  following  is  taken  from  Nobili,  BolL  Mus.  Torino,  Vol.  16, 
1901,  p.  32: 


Cronius  RUBER  (Lmclc.) 


C.  RUBER. 


This  species  also  in  West 
Africa,  but  nowhere  else. 


In  this  list  we  see  there  are  seven  identical  species.  The  rest  are 
more  or  less  closely  allied,  but  the  affinity  is  always  so  close  that  it 
is  not  equaled  in  any  other  part  of  the  world,  with  the  exception 
of  West  Africa,  where  some  of  the  types  have  been  found  that  are 
common  to  the  east  and  west  sides  of  America,  but  are  lacking 
everywhere  else.  This  affinity  of  the  West  African  littoral  fauna  is 
a  well-known  fact,  and  there  is  nothing  remarkable  about  it,  since 
a  communication  between  both  sides  of  the  Atlantic  is  possible  in 
many  cases  even  at  present  times. 
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Aside  from  this,  a  close  relation  of  the  western  and  eastern  faunas 
of  the  Central  American  shores  is  revealed  at  a  glance.^  Hill  says 
(/.  c,  p.  267)  that  the  recent  faunas  of  the  opposite  sides  of  the 
isthmus  are  so  distinct  that  the  communication  of  waters  must  have 
belonged  to  a  very  remote  time,  and  that  there  has  been  probably 
no  communication  since  Miocene.  We  may  modify  this  a  little 
and  say  that  the  affinities  of  the  Decapod  fauna  of  the  Atlantic  and 
Pacific  are  unmistakable,  and  Ma/  w^  have  ample  and  convincing 
evidence  that  there  must  have  once  been  a  connection.  The  scarcity 
of  identical  forms  (which  in  part  are  not  beyond  doubt),  and  the 
demonstrated  fact  that  generally  one  (or  more)  species  of  the  re- 
spective genera  replace  each  other  on  either  side  of  America,  being 
distinctly  different,  although  closely  allied,  shows  conclusively  that 
this  connection  cannot  have  been  of  a  very  recent  date.  I  think 
that  the  Decapods  confirm  Hill's  opinion  that  there  was  no  com- 
munication whatever  of  both  oceans  since  Miocene  time^  and  we 
may  add  that  probably  the  similarity  of  both  faunas  is  to  be  referred 
in  most  cases  to  the  Eocene  and  Oligocene  interoceanic  connection 
across  the  isthmus.  After  this  had  been  closed  sufficient  time  has 
elapsed  to  generally  change  the  characters  of  the  once  identical 
Pacific  and  Atlantic  stock  and  to  render  them  different  species, 
while  only  a  few  have  preserved  their  original  characters  and  are 
to  be  regarded  as  identical  species. 

Of  course  it  is  possible  that  some  of  the  similarities  of  the  Pacific 
and  Atlantic  faunas  go  back  to  earlier  (Mesozoic)  times,  when  the 

1  In  speaking  of  a  close  resemblance  of  these  faunas,  I  wish  to  avoid  being 
misunderstood.  There  are  cases  that  show  a  close  resemblance,  but  this  does  not 
mean  that  both  faunas  are  closely  related  in  all  respects ;  on  the  contrary,  there 
are  other  elements  on  both  sides  of  Central  America  that  are  peculiar  to  only 
one  of  them.  The  Panamic  fauna,  for  instance,  contains  Indo-Pacific  elements 
and  a  very  peculiar  element  that  belongs  to  the  whole  western  coast  of  America 
(from  the  Western  United  States  to  Chili).  1  have  called  attention  to  this 
€lement  in  a  former  paper  {Zool.Jahrb.  Sysl,,  Wo\,  9,  1896,  p.  582  flf.),  but  I 
have  been  entirely  misunderstood  by  von  Ihering,  who  says  ( /fiv.  Afus.  Paul- 
ista.  Vol.  2,  1897,  P*  379)  ^hat  my  theory  of  a  migration  along  this  coast  is  dis- 
proved by  the  fact  that  different  faunas  succeed  each  other  along  this  coast  from 
the  south  to  the  north.  This  is  quite  true,  but  it  does  not  disprove  my  theory, 
since  I  never  meant  to  say  that  the  whole  of  the  West  American  fauna  has 
leached  these  parts  by  migration  from  noith  to  south  or  vice  versa.  On  the  con- 
trary, only  a  part  of  it  belongs  to  this  category,  and  there  are  other  components 
of  the  West  American  fauna  which  came  from  quite  different  sources. 
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Mexican,  Orinoco  and  Amazonas  interoceanic  connections  existed. 
But  this  would  not  influence  our  general  result  that  the  communica- 
tion of  the  oceans  was  interrupted  definitively  in  the  Miocene. 

We  have,  beginning  in  Mesozoic  times,  a  differentiation  of  two 
types  of  marine  faunas,  a  Mediterranean  and  a  Pacific,  but  these 
faunas  communicated  with  each  other  at  certain  points  and  were 
completely  separated  for  a  comparatively  short  period  in  the 
Upper  Cretaceous  by  the  continent  of  Mesozonia  (if  this  separation 
was  at  all  complete  at  any  tiroe).^  Generally  the  Mediterranean 
fauna  belongs  originally  to  the  northern  hemisphere,  the  Pacific  to 
the  southern,  except  that  the  latter  largely  encroached  upon  the 
former  in  the  region  of  the  Northern  Pacific.  This  arrangement 
was  completely  upset  during  the  Tertiary,  so  that  at  present  the 
Atlantic  fauna  (containing  chiefly  the  descendants  of  the  old  Medi- 
terranean types)  and  the  Pacific  fauna  are  divided,  not  by  a  line 
running  east  and  west,  but  by  two  lines  running  generally  north 
and  south  (in  America  and  in  the  Old  World).  Besides,  the  Arctic 
and  Antarctic  types  have  been  added,  the  former  being  an  offshoot 
of  the  Mediterranean,  the  latter  of  the  Pacific  type.* 

While  in  former  times,  in  the  Mesozoic  and  Lower  Tertiary,  a 
decided  tendency  prevailed  to  mix  the  marine  faunas  of  the  world 
and  make  them  more  or  less  uniform,  which  tendency  was  checked 
only  temporarily,  we  have,  from  the  Miocene  upward,  a  complete 
separation  of  two  marine  types  of  fauna,'  which,  however,  still 
possess  certain  features  in  common  that  are  due  to  conditions  pre- 
vailing in  earlier  times,  and  with  respect  to  Central  America  these 
conditions  (interoceanic  connections)  were  present  for  the  last 
time  in  the  Older  Tertiary  (Eocene  and  Oligocene). 

^  We  possess  evidence  that  Mesozonia  was  interrupted  for  shorter  periods  within 
the  Upper  Cretaceous,  for  instance,  in  the  region  of  British  Colombia  (see  ICoss- 
mat)  and  in  Western  Venezuela  (see  above,  p.  343). 

*  In  opposition  to  the  belief  of  some  authors  (Pfefier,  Murray)  that  both  Polar 
faunas  are  strikingly  similar,  I  have  always  held  the  opinion  (see  review  of  the 
literature  in  Americ,  Natural,^  Vol.  35,  1901,  p.  139  flf.)  that  this  is  not  so.  We 
see  here  also  that  the  origin  of  these  faunas  is  different,  the  one  being  derived 
from  the  old  Mediterranean,  the  other  from  the  old  Pacific  fauna,  the  differences 
of  which,  although  obscured  during  the  earth's  history  by  frequent  interchanges, 
go  back  to  Mesozoic  times. 

>  The  complete  separation  was  brought  about  not  only  by  topographical 
factors,  but  chiefly  by  the  additional  action  of  climatic  differentiation.  See  Ort- 
mann,  Grundtuege  der  marin,  Thiergeograph,,  1896,  p.  40. 
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It  is  a  very  remarkable  fact  that  the  interoceanic  connection  of 
the  Mediterranean  and  Pacific  type  of  marine  faunas,  existing  in 
Western  and  Southern  Asia  (Tethys  and  Strait  of  Bengal),  was 
ended  at  about  the  same  time,  in  the  Miocene,  by  the  elevation  of 
Western  Asia  and  its  union  with  Africa  and  Europe. 

Princeton  University. 


Stated  Meeting,  October  S,  1902. 

Dr.  Hays  in  the  Chair. 

A  letter  was  read  from   Prof.  Silvanus  P.  Thompson,  of 
London,  accepting  membership. 

The  decease  of  the  following  members  was  announced  : 

Ferdinand  J.  Dreer,  at  Philadelphia,   on  May   24,   1902,  * 
»t.  90. 

Prof.  Eudolph  Virchow,  at  Berlin,  on  September  5,  1902, 
^t.  80. 

Major  John  W.  Powell,  at  Haven,  Me.,  on  September  23, 
1902,  set  68. 

The  following  papers  were  read : 

**  On  a  Specialized  Cocoon  of  Telea  polyphemus,"  by  Prof. 
A.  Eadcliffe  Grote. 

"  On  Some  Aboriginal  Languages  of  Queensland  and  Vic- 
toria,'' by  Mr.  R.  H.  Mathews. 
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A  SPECIALIZED  COCOON  OF  TELEA  POLYPHEMUS. 

BY   A.    RADCLIFFE   GROTE. 
{^Read  October  $,  1902,) 

The  peculiarities  of  the  cocoon  of  Teiea  polyphemus  are  well 
known  to  lepidopterists.  It  is  of  an  egg-shape,  woven  free  in  the 
leaf,  close  and  tough  in  texture,  without  any  false  stem  or  attach- 
ment to  the  tree,  deciduous.  Among  a  quantity  of  Attacid  cocoons, 
received  from  an  old  and  valued  friend  of  mine  in  New  York,  was 
one  which  I  took  at  first  to  belong  with  the  suspensory  cocoons  of 
PJiilosamia,  among  which  it  came.  It  was  provided  with  a  silken 
pedicel,  45  mm.  in  length,  which  had  been  spun  entirely  around 
the  stem  of  the  leaf,  not  on  one  side  only,  and  so  that  the  dried 
stem  was  enclosed  and  preserved  within.  This  silken  attachment 
had  evidently  been  shortly  fastened  above  to  the  branchlet,  as  is 
the  case  with  the  cocoons  of  the  more  specialized  Attacid  genera, 
and  Anthercea  anylitta.  But  the  cocoon  itself  was  in  this  instance 
far  too  large  and  heavy  for  that  of  F^iiiosamia,  and,  on  examining 
it  closely,  it  was  found  to  be  of  a  firm,  leathery  texture,  while  the 
chalky- white  appearance,  which  the  cocoon  of  Telea  presents,  could, 
though  with  some  difficulty,  be  detected. 

All  doubts  were  removed  by  the  appearance,  on  June  8,  of  a 
large  female  specimen  of  Telea  polyphemus^  of  the  ordinary  olive- 
ochre  type,  a  little  more  intensely  colored  than  usual,  but  presenting 
no  variation  in  marking.  Now  Telea  does  not  habitually  fasten 
itself  to  the  leaf  and  branch  in  this  manner,  spinning  no  false*stem 
or  attachment.  What  circumstances  induced  this  individual  to 
make  a  singular  departure  from  the  habit  and  custom  of  the  species? 

All  departures  are  interesting.  This  one  is  particularly  so,  in 
view  of  the  ascertained  progression  in  specialization  of  the  Attacid 
cocoons.  Here  is  an  instance  of  the  sudden  acquirement  of  the 
attachment  or  pedicel,  so  that  one  is  led  to  speculate  on  the  excit- 
ing cause.  For  this  purpose  a  knowledge  of  the  larva,  tree,  leaf  and 
weather  seems  necessary,  while  I  have  only  the  moth  and  the  cocoon. 
But  I  have  elsewhere  shown  that  the  specializations  of  the  three 
states  of  the  Lepidoptera  manifest  themselves  independently.  They 
do  not  keep  exact  time  in  their  progression,  nor  do  they  move  with 
equal  foot,  though  a  general  correspondence  in  direction  may  be 
evidenced. 
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In  my  work  on  the  Saturnians  or  Emperor  Moths,  pp.  15-16, 
published  by  the  Roemer  Museum  in  June,  1896,  I  tried  to  corre- 
late the  spinning  of  an  attachment  with  the  increasing  breadth  of 


•      Vs.- 


^:1^' 


:;'^^ 


Fig.  I.  Cocoon  of  Te/ra  polyphevius  with  attachment. 


wing  in  the  perfect  insect.  Evidently  these  large-winged  creatures 
experience  the  same  difficulty  in  rising  from  the  level  ground  as 
do  the  bats  and  the  swallows.  To  fly,  they  must  feel  the  air 
beneath  their  wings.     It  thus  became  an  object,  or  an  advantage^ 
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that  the  moth  should  emerge  from  the  cocoon  in  the  high  air 
whence  to  take  its  flight.  This  emergence  at  an  elevation  was 
effected  by  the  spinning  of  a  silken  stem,  attaching  the  cradling 


Fig.  2.  Ordinary  cocoon  of  Telea  polyphemus  without  attachment. 

leaf  permanently  to  the  tree,  so  that  the  cocoon  could  not  fall  with 
the  dropping  of  the  leaf  in  the  autumn,  safely  swinging  despite  the 
wintry  winds.  This  custom  of  the  larva  has  become  fixed  in  the 
arboreal  Attacid   genera  Philosamia^  Atiacus  and  in   Callosamia 
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promethea,  C.  angulifera,  which  seems  the  older  form  of  Cal- 
losamia,  has  not  acquired  the  habit.  The  most  generalized  group 
of  the  Attacides  (=  Saturnides  Boisd.  1840,  Saturnina  Dyar, 
1894),  namely  the  Aglians  or  Citheronians,  make  either  a  slight 
cocoon  on  the  surface  or  none  at  all,  entering  the  ground  to  pupate 
like  the  Hawk  Moths.  In  the  Emperor  Moths,  specialization  of 
the  pupal  protection  or  envelope  is  evidenced  by  its  growing  com- 
plexity. TeUa  is  one  of  the  genera  using  a  leaf  as  a  wrapper  or 
external  support  for  the  cocoon.  Neither  Samia  or  Saturnia  have 
this  habit,  spinning  against  stems  or  branches. 

Another  advantage  arising  from  the  spinning  of  the  cocoon  on 
the  tree  which  served  as  a  food- plant  for  the  larva  would  be  that 
the  perilous  descent  of  the  latter  down  the  trunk,  to  spin  in  fallen 
leaves  on  the  ground,  is  obviated.  The  habit  of  descending  the 
tree  to  pupate  appears  to  be  general,  and  I  have  observed  it  with 
Aciias  /una,  which  spins  a  thinner,  more  papery  cocoon  than  its 
more  specialized  ally,  Telea  polyphemus ;  the  cocoon  of  the  latter 
could  probably  resist  injury  to  the  chrysalis  in  falling  with  the  leaf. 

The  specimen  of  Telea  here  under  observation  is  a  remarkably 
large  and  heavy  one,  so  that  it  might  be  thought  possible  the  larva 
hesitated  to  trust  to  the  leaf  alone,  and  hit  upon  the  plan  of  fasten- 
ing itself  by  a  silken  rope.  As  against  this  idea  might  militate  the 
fact  that  the  forms  which  habitually  attach  the  cocoon  in  this 
manner  are  relatively  light-bodied  species,  in  comparison  with  their 
enormous  wings.  The  heavy-bodied  species  of  Samia  and  TeUa 
spin  no  attachment.  This  latter  seems  feebly  indicated  in  the 
cocoon  of  Rothschildia  iacobace.  However,  the  nature  of  the  food- 
plant  may  besides  hasten  or  retard  the  acquirement  of  the  custom, 
which  seems  to  grow  out  of  the  use  of  a  leaf  as  an  outer  wrapper, 
and  to  correlate  with  the  arboreal  habit  of  the  moth. 

Whatever  opinion  we  may  form  regarding  the  case  in  point,  it  is 
evident  that  the  spinning  of  the  pedicel  is  not  only  an  advance  or 
a  specialization  upon  an  earlier  plan  of  cocoon-making,  but  that  it 
can  be  suddenly  put  forth  on  occasion  by  the  more  generalized  or 
primitive  tree-feeding  Attacids,  as  is  now  demonstrated.  And  from 
this  instance  we  may  certainly  conclude  that  the  habit  of  spinning 
a  stem  to  the  cocoon  has  arisen  singly,  with  the  leaf-spinning  indi- 
vidual, called  forth  by  whatever  exciting  cause.  Out  of  this 
individual  departure  a  custom  and  habit  for  the  species  at  large  has 
been  most  probably  secondarily  developed,  since  it  clearly  proved 
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advantageous  to  the  insect  and  for  the  reasons  given  by  me  above. 
So  that  perhaps  in  the  future  both  Telea  and  Actias  may  become  in 
this  way  sessile.  And  perhaps,  when  we  grasp  all  the  facts  which 
arise  in  connection  with  cocoon-making,  we  may  be  disposed  to 
recognize  in  caterpillars,  these  lowly  organisms,  an  intelligence  in 
so  far  akin  to  our  own,  as  it  is  evidently  based  upon  an  identical 
perception  of  external  conditions.  We  are  here  at  the  simple 
sources  of  Mind  in  Nature. 

Hermaphrodite  of  Samia  cecropia. 

The  occurrence  of  hermaphroditism  or  gynandromorphism  in  the 
Emperor  Moths  is  sufficiently  rare.  1  may  record  the  fact  here 
that  an  example  of  Samia  cecropia  disclosed  on  June  3,  in  which 
the  left  side,  antenna,  both  wings,  and  abdomen,  so  far  as  can  be 
externally  observed,  is  female,  while  the  right  side  is  as  completely 
male.  On  the  right  side  the  male  abdominal  clasper  can  be  seen, 
wanting  on  the  left,  so  that  we  have  to  do  with  a  true  herma- 
phrodite. Incompletely  formed  eggs  were  extracted  from  the  left 
abdominal  opening  under  pressure. 

Literature  on  the  Emperor  Moths. 

1874.     List  of  the  North  American  Attaci.     Proc.  Am.  Phil.  Soc.  (Nov.,  1874). 
1895.     Notes  upon  the  North  American  Satumina  with  List  of  the  Species. 
Canadian  Entomologist,  263  (September). 

1895.  Supplementary  note  to  the  Saturnians,  iV.,  316. 

1896.  Die  Saturniiden    (Nachtpfauenaugen).     Mittheilungen   a,  d,    Roemer- 

Museum,  No.  6,  June.     With  three  photographic  plates  and  eighteen 
text  illustrations. 
1896.      Die  Nachtpfauenaugen  mit  besonderer  Beriicksichtigung  ihrer  Fliigel- 
bildung.      Verh.  Deutsch.,  Ges,  Nat,  «.  Aertte,  Frankfurt,  p.   197  et 
seq.    With  eleven  text  illustrations. 

1896.  Note  on  Samia  californiia.     yourn.  A'.   K  Ent,  Soc,  p.  20I. 

1897.  Classification  of  the  Salurniides.     Joum,  N,  Y.  Ent,  .SW.,pp.  ^  et  seq, 

[I  would  also  draw  attention  here  to  an  interesting  paper  by  W.  T. 
Davis  on  Intelligence  shown  by  Caterpillars,  id,.  Vol.  V.] 

1898.  The   wing  and   larval   characters  of  the   Emperor   Moths.     Proc,   So. 

London  Ent,  and  Nat,  Hist,  Soc,     With  four  figures  in  text 
1902.     An  aberration  of  Actias  luna.     Can,  Ent,,  70,  Vol.  34. 

Roemer  Museum,  June  14,  1902. 
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Stated  Meeting,  October  17,  190S. 
Dr.  Hays  in  the  Chair. 

A  letter  was  read  from  Dr.  R.  H.  Alison,  resigning  mem- 
bership. 

The  donations  to  the  Library  were  laid  upon  the  table,  and 
thanks  were  ordered  for  them. 


Stated  Meeting,  November  7,  190$. 

President  Wistar  in  the  Chair. 

The  donations  to  the  Library  were  laid  upon  the  table, 
and  thanks  were  ordered  for  them. 


Stated  Meeting,  November  H,  1902. 
Mr.  Richard  Wood  in  the  Chair. 

The  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

The  decease  of  the  following  members  was  announced  : 

Prof.  Ogden  N.  Rood,  at  New  York,  on  November  12, 
1902,  jet.  71. 

Mr.  George  Harding,  at  New  York,  on  November  17, 
1902,  £et.  76. 

Dr.  Julius  Platzmann,  of  Leipzig. 


Stated  Meeting,  December  5,  190£. 

President  Wistar  in  the  Chair. 

The  list  of  donations  to  the  Library  was  laid  on  the  table, 
and  thanks  were  ordered  for  them. 

The  decease  of  the  following  members  was  announced  : 
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Samuel  Timmins,  F.S.A.,  at  Birmingham,  England,  on  No- 
vember 12,  1902,  set.  76. 

Joseph  Miller  Wilson,  at  Philadelphia,  on  November  24, 
1902,  seL  64. 

Dr.  Alfred  Stengel  read  a  paper  on  "  Specific  Precipitins 
and  Their  Medico-Legal  Value  in  Distinguishing  Human  and 
Animal  Blood." 


SPECIFIC    PRECIPITINS    AND    THEIR    MEDICO-LEGAL 

VALUE  IN  DISTINGUISHING  HUMAN  AND 

ANIMAL  BLOOD. 

BY     ALFRED     STENGEL. 
( Il^aJ  December  j,  igo2. ) 

Recent  studies  of  the  complex  problem  of  immunity  have  been 
most  fruitful  of  results,  not  alone  in  the  direction  of  explaining  im- 
munity, but  also  in  disclosing  a  number  of  phenomena  whose  bear- 
ing on  the  general  question  is  perhaps  subsidiary,  but  whose  scien- 
tific and  often  practical  interest  in  other  directions  is  highly  valua- 
ble. Among  these  the  phenomenon  of  precipitation  is  an  important 
one,  and  it  is  to  this  that  I  desire  to  direct  attention.  Kraus  first 
showed  that  the  serum  of  animals  immunized  against  cholera  causes 
a  flocculent  precipitation  in  the  filtrate  from  cholera  cultures,  while 
sera  from  normal  animals  produces  no  such  results.  Later  he 
showed  that  this  precipitation  is  specific  in  the  sense  that  cholera 
serum  produces  precipitation  in  the  filtrate  of  cholera  cultures 
alone,  while  sera  from  animals  immunized  with  other  cultures  had 
no  such  result.  Subsequent  investigations  have  confirmed  and  ex- 
tended Kraus'  contribution.  The  peculiar  substance  which  pro- 
duces the  precipitation  in  the  bacterial  culture  is  probably  a  product 
of  cell  activity  made  under  the  stimulus  of  the  immunization,  and 
the  precipitable  body  in  the  cholera  culture  is  extracted  from  the 
bodies  of  the  bacteria  themselves.  It  is  seen  then  that  this  phe. 
nomena  of  precipitation  as  applied  to  bacteria  is  a  valuable  one  in 
determining  bacterial  species,  but  it  has  not  been  so  employed  by 
bacteriologists,  since  it  is  far  less  easy  of  application  and  far  less 
certain  in  its  results  than  the  agglutination  test  of  Gruber,  Durham 
and  Widal. 
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Ehrlich's  attractive  theory  of  immunity,  which  he  calls  the  Side 
Chain  Theory,  explains  the  development  of  immunity  and  other 
problems  connected  with  this  question  far  more  satisfactorily  than 
any  previous  hypothesis.  He  has  shown  very  clearly  that  the  im- 
munizing substances  are  products  of  cell  activity  under  the  stimulus 
of  the  bacterial  toxins,  but  he  has  also  called  attention  to  the  fact 
that  the  principle  involved  in  this  elaboration  of  immunizing  sub- 
stances does  not  differ  greatly  from  that  which  obtains  in  the  case 
of  the  ordinary  process  of  nutrition  of  cells.  In  other  words,  there 
is  a  chemical  union  of  the  nutrient  substance  with  the  cell  body  in 
the  case  of  assimilation  of  food  and  a  similar  chemical  union  in  the 
case  of  bacterial  toxins.  The  molecular  radicals,  which  have  a 
special  affinity  for  the  nutrient  body  or  for  the  toxin,  are  entirely 
comparable  to  the  replaceable  atomic  groups  of  organic  compounds, 
such  as  the  benzol  ring,  and  may  be  displaced  from  the  central 
nucleus.  Being  products  of  the  vital  activity  of  the  cell,  reproduc- 
tion of  such  atomic  groups  is  possible,  and  indeed,  according  to  a 
well-known  principle  of  pathology,  destruction  of  the  atom  groups 
occasions  a  replacement  in  excess,  attended  with  a  separation  from 
the  parent  nucleus  and  extrusion  from  the  cell  of  the  atomic  group. 
When  toxins  unite  with  cells  the  combining  radicals  or  ** groups" 
of  the  latter  are  utilized  or  in  a  sense  destroyed  and  the  cell  pro- 
duces new  groups  in  excess — some  or  all  of  which  are  extruded  into 
the  circulation.  These  liberated  groups  constitute  antitoxin  in  the 
case  of  immunity,  and  I  refer  to  them  here  not  from  any  bearing 
on  the  question  of  toxic  immunity  to  our  present  discussion,  but  to 
develop  the  point  that  the  production  of  such  bodies  is  a  question 
of  chemical  nature,  and  that  it  does  not  necessarily  involve  the 
action  of  a  living  germ.  This  is  proved  on  the  one  hand  by  the 
production  of  antitoxic  substances  by  the  introduction  into  the  or- 
ganism of  inorganic  or  organic  compounds,  and  on  the  other  hand 
by  the  fact  that  similar  substances  are  produced  when  food  stuflfs 
and  various  other  organic  substances  are  injected.  This  is  true  in 
particular  of  the  substances  concerned  in  precipitation,  and  Ehrlich 
in  his  later  writings  has  made  a  strong  point  of  the  similarity  in  the 
phenomena  of  precipitation  and  of  bacteriolysis  in  so  far  as  the 
origin  and  essence  of  the  active  agents  in  question  are  concerned. 

To  come  more  immediately  to  the  subject,  it  has  been  found  that 
injections  of  milk,  albuminous  liquids  of  other  sorts  and  compound 
mixtures  like  urine  and  blood  serum,  when  introduced  into  the 
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animal  body,  generate  or  cause  the  generation  of  substances  which 
in  a  more  or  less  specific  manner  precipitate  the  substance  or  com- 
pound used  in  the  inoculations.  This  was  first  demonstrated  in  the 
case  of  milk  by  Bordet,  who  found  that  when  he  injected  rabbits 
with  sterilized  milk  and  repeated  the  injection  at  short  intervals 
the  blood  serum  of  the  animals  subsequently  caused  precipitation 
of  the  milk,  while  normal  serum  had  no  such  action.  Later  it  was 
found  by  other  experimentors  that  this  precipitation  is  more  or  less 
specific,  and  the  serum  of  a  rabbit  treated  with  cow's  milk  contains 
a  precipitin  for  cow's  milk  and  not  for  the  milk  of  other  animals, 
while  the  serum  of  animals  treated  with  goat's  milk  is  similarly 
specific.  The  same  experiment  was  performed  with  human  milk 
and  the  result  was  similar.  The  method  of  carrying  out  these  ex- 
periments was  as  follows :  The  rabbits  were  inoculated  subcutane- 
ously  or  intraperitoneally  at  intervals  of  several  days  with  sterilized 
milk,  the  quantity  varying  between  lo  and  50  c.c.  The  steriliza- 
tion was  accomplished  by  heating  for  an  hour  at  65°  C.  or  by  the 
use  of  chloroform.  Other  rabbits  were  treated  with  milk  of  differ- 
ent sorts  as  controls.  After  the  treatment  had  been  repeated  for  a 
number  of  times  and  each  rabbit  had  received  about  100  c.c.  of 
milk  the  serum  was  obtained  by  bleeding  the  rabbit  and  allowing 
the  blood  to  coagulate.  The  serum  diluted  with  four  or  five  times 
its  bulk  of  water  was  mixed  with  milk  diluted  i  to  40  and  the  mix- 
ture allowed  to  stand  for  some  hours.  The  precipitation  was  then 
observed  in  the  milk  corresponding  with  that  with  which  the 
animal  furnishing  the  serum  had  been  treated. 

A  very  similar  series  of  experiments  has  been  performed  with  egg 
albumin.  Repeated  injections  of  raw  egg  albumin  cause  the  devel- 
opment in  the  blood  of  a  more  or  less  specific  precipitin.  When 
crystallized  egg  albumin  was  used  a  specific  precipitin  was  devel- 
oped. This  precipitates  the  egg  albumin,  but  not  globulin,  and  on 
the  other  hand,  when  serum  globulin  is  used  in  the  injections,  the 
precipitin  has  no  effect  upon  egg  albumin.  In  the  case  of  these 
more  narrowly  specific  tests  the  results  have  been  somewhat  at 
variance.  Thus  it  was  found  that  the  serum  of  animals  injected 
with  globulin  obtained  from  bullock's  serum  had  some  effect  upon 
blood  corpuscles  of  fowl  and  also  an  effect  upon  sheep  globulin. 
Other  instances  of  non-specific  action  might  be  cited,  but  this  one 
reference  is  sufficiently  illustrative  of  all. 

My  own  experiments  in  conjunction  with  Dr.  C.  Y.  White  in 
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this  direction  have  been  made  with  fresh  egg  albumin.  Taking 
the  white  of  fresh  hen's  eggs,  we  injected  from  lo  to  15  c.c. 
into  the  peritoneal  cavity  of  rabbits.  No  striking  effect  resulted 
from  the  injections,  which  were  repeated  at  intervals  of  a  day 
or  two  until  the  rabbit  had  received  from  six  to  ten  injections. 
At  the  end  of  that  time  the  serum  of  the  animal  was  found  to  pre- 
cipitate diluted  solutions  of  egg  albumin  in  a  striking  manner.  The 
same  serum  had  no  effect  upon  serum  albumin  and  globulin  con- 
tained in  the  blood  of  man  or  various  animals,  but  was  not  specially 
tested  regarding  its  behavior  toward  the  albumin  of  other  than 
hen's  eggs.  Uhlenhuth,  who  has  experimented  in  this  manner, 
found,  however,  that  the  precipitin  is  not  specific,  since  the  serum 
obtained  from  animals  immunized  with  hen's  eggs  reacts  toward 
pigeon's  eggs.  He  found,  however,  as  we  did,  that  this  serum  did 
not  react  with  peptone,  casein,  blood  serum,  etc. 

Experiments  similar  to  the  above  were  made  by  Leclainche  and 
ValMe,  who  injected  albuminous  urine,  and  Ziilzer,  whose  work 
was  practically  the  same.  Mertens  and  Tchistovitch  used  eels' 
serum  and  placental  blood  serum  respectively  and  found  results 
similar  in  character  to  those  already  detailed. 

The  most  interesting  line  of  work,  however,  is  that  done  by 
Uhlenhuth  and  repeated  or  elaborated  by  Wolff,  Stem,  Wassermann 
and  Schutze,  Dieudonne,  Nuttall,  as  well  as  by  myself  and  Dr.  C. 
Y.  White.  These  experiments  concern  themselves  with  the  pro- 
duction in  the  blood  of  specific  precipitins  for  heterologous  blood, 
and  these  have  been  utilized  to  a  certain  extent  in  the  determina- 
tion of  diseased  conditions  or  more  particularly  for  the  differentia- 
tion of  human  and  animal  blood. 

The  manner  of  procedure  in  the  preparation  of  the  serum  is  as 
follows :  Rabbits  (which  have  been  found  to  be  the  most  suitable 
animals)  are  injected  interperitoneally  with  blood  serum  or  with 
defibrinated  blood  About  10  c.c.  is  injected  at  intervals  of  from 
two  to  three  days  until  from  five  to  eight  or  ten  injections  have 
been  given.  The  serum  may  be  utilized  immediately  after  the  last 
injection  or  the  animal  may  be  allowed  to  rest  for  a  week  before  its 
blood  is  drawn.  The  blood  is  then  taken  after  killing  the  animal 
or  a  small  quantity  may  be  obtained  by  bleeding  after  etherization 
from  one  of  the  large  blood  vessels.  The  serum  is  collected  after 
separation  of  the  clot.  Fresh  blood  may  be  tested  directly  with 
the  serum  by  diluting  the  blood  (i :  100)  with  isotonic  salt  solution. 
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The  solution  is  made  by  first  diluting  the  blood  with  distilled 
water  and  then  with  an  equal  quantity  of  double  isotonic  salt  solu- 
tion. If  the  diluted  blood  is  not  perfectly  clear,  it  is  allowed  to 
settle  and  the  supernatant  blood  is  tested.  A  few  drops  of  the 
serum  of  the  immunized  rabbit  are  added  to  the  clear  solution  of 
blood  in  a  narrow  test-tube  and  a  precipitation  is  generally  ob- 
served at  once  or  may  form  after  standing  for  a  short  time.  A 
later  test  may  be  performed  by  allowing  the  serum  to  flow  down 
the  sides  of  the  tube  under  the  diluted  blood,  when  a  haziness  at 
the  point  of  contact  indicates  the  formation  of  a  precipitate.  The 
precipitate  increases  somewhat  after  its  first  formation,  especially 
when  the  fluids  are  kept  at  37°  C,  but  precipitates  formed  twelve 
to  twenty- four  hours  or  more  after  the  mixture  is  made  should  be 
regarded  as  doubtful.  The  same  form  of  test  may  be  applied  with 
dried  blood.  In  this  case  care  must  be  taken  in  making  solutions 
of  the  blood  stains.  The  blood  stains  may  be  dissolved  with 
normal  salt  solution,  or  in  the  case  of  old  blood  stains  the  method 
of  Ziemke  may  be  employed.  In  this  method  concentrated  solu- 
tion of  potassium  cyanide  is  used  as  a  solvent.  The  mixture  is 
shaken  with  a  few  granules  of  tartaric  acid  until  it  becomes  almost 
neutral  to  litmus  paper  and  then  filtered.  The  mixture  is  diluted 
to  a  yellowish-red  color  and  the  serum  of  the  rabbit  is  then  added. 
Solutions  of  soda  have  also  been  used  for  extracting  the  blood  clot. 
Uhlenhuth  demonstrated  the  reaction  in  blood  (i)  dried  for  three 
months,  (2)  allowed  to  undergo  decomposition  for  three  months, 
(3)  washed  with  weak  alkaline  soap,  (4)  frozen  in  snow  for  four- 
teen days  at  10°  C,  and  in  (5)  blood  solutions  in  which  the  hemo- 
globin was  changed  to  carbon  oxide  hemoglobin. 

This  test  has  been  confirmed  in  more  or  less  detail  by  investiga- 
tors in  all  parts  of  the  world  and  may  said  to  be  fairly  established, 
though  the  limits  of  its  usefulness  cannot  as  yet  be  drawn  with  pre- 
cision. My  own  experiments  with  Dr.  t.  Y.  White  have  consti- 
tuted injections  of  a  number  of  rabbits  with  defibrinated  human 
blood  and  with  blood  squeezed  from  placentae.  In  both  series  of 
experiments,  after  from  five  to  eight  injections,  we  found  the  blood 
serum  markedly  active  in  precipitating  diluted  human  blood  and 
without  effect  upon  the  blood  of  dogs,  horses  and  cattle.  The  first 
effect  of  adding  the  serum  was  the  production  of  a  flocculent  preci- 
pitate,  which   invariably  increased  after  a  short  time.     We  dis- 
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carded  the  mixtures  after  a  few  hours,  as  we  had  always  observed 
that  flocculent  precipitation  occurred  in  many  of  the  test-tubes 
containing  other  than  human  blood  after  a  lapse  of  twenty-four 
to  forty  eight  hours.  In  no  case  was  there  the  slightest  difficulty  in 
distinguishing  the  human  blood  from  animal  blood  at  the  primary 
experiment,  but  the  greatest  care  was  necessary  in  the  details  of 
the  experiments  to  avoid  any  contamination.  In  one  experiment 
a  striking  result  which  could  not  be  at  first  explained  was  subse- 
quently found  to  be  due  to  a  contamination. 

Should  this  test  upon  further  investigation  prove  as  satisfactory 
as  now  seems  probable,  it  will  still  be  most  essential  in  its  practical 
application  that  the  experimentor  have  experience,  not  alone  with 
this  method,  but  with  the  management  of  injections  and  serum 
work  generally.  Should  the  test  be  used  in  medico-legal  cases,  I 
believe  that  it  is  most  essential  that  the  experimenter's  experience 
in  serum  and  blood  work  generally  be  carefully  scrutinized  before 
his  results  are  accepted. 

With  regard  to  the  applicability  of  this  test,  Uhlenhuth,  Stern, 
Nuttall,  Griinbaum  and  others  have  studied  the  effects  of  the  serum 
of  the  blood  of  various  forms  of  monkeys  and  apes.  Uhlenhuth 
had  positive  results  with  baboon's  blood.  Stern  used  three  different 
kinds  of  monkeys — a  species  of  Cercopithecus,  Macacus  Cynomol- 
gus  (Java  Ape)  and  the  Crown  Ape.  Nuttall  used  four  species  of 
monkeys — Cercopithecus  Campbelli,  Cercopithecus  Patas,  Cerco- 
pithecus Lalandii  and  Macacus  Rhesus.  Griinbaum  has  tested  the 
gorilla,  orang  and  chimpanzee  in  particular.  Stern  found  feeble 
reactions  with  the  three  species  of  monkeys  employed.  Nuttall 
found  a  slight  reaction  with  the  blood  of  the  four  monkeys  tested, 
and  Griinbaum  found  reactions  with  the  three  animals  used  by  him, 
and  also  found  that  human  blood  was  precipitated  by  rapid  serum 
from  animals  injected  with  the  blood  of  the  gorilla,  orang,  chim- 
panzee. 

In  a  later  communication  Nuttall  reports  that  in  testing  140 
specimens  of  blood  none  excepting  monkey  blood  gave  the  reaction 
with  the  anti-serum  for  human  blood.  He  states  that  all  the  bloods 
of  the  Old  World  monkeys  gave  a  marked  reaction,  less  powerful, 
however,  than  that  of  human  blood.  They  also  reacted  to  weak 
anti-serum.  On  the  other  hand,  the  South  American  monkey  gave 
but  a  slight  reaction  with  human  dilute  serum  and  a  weak  anti- 
serum produced  no  precipitation  in  the  blood  of  Mycetes  Senicu- 
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lus.  He  concludes  that,  while  the  tests  require  further  study,  the 
result  corresponds  with  the  Darwinian  theory  of  the  relationship 
between  man  and  ape — the  relation  of  the  former,  according  to 
that  theory,  being  closely  to  the  Old  World  apes.  The  anti-serum 
for  dog's  blood  when  tested  with  140  bloods  reacted  only  with  the 
blood  of  the  jackal  of  South  Africa.  None  of  the  140  bloods  gave 
a  reaction  with  the  anti-serum  for  horse's  blood.  No  member  of 
the  horse  family  was  tested. 

In  some  cases  blood  serum  of  rabbits  treated  with  heterologous 
blood  have  reacted  in  a  way  not  specific.  Thus  Nuttall  found  the 
serum  from  a  rabbit  treated  with  ox  blood  reacted  with  the  blood 
of  the  gazelle  and  axis  deer  and  gave  slight  cloudiness  with  the 
blood  of  sheep,  gnu,  squirrel  and  swan.  In  no  case,  however,  as 
far  as  I  have  discovered,  has  the  humanized  serum  of  rabbits  reacted 
excepting  to  the  blood  of  man  or  species  of  the  monkey  family. 

With  regard  to  the  applicability  of  this  test  in  medico-legal  cases, 
it  may  be  of  interest  to  report  a  case  studied  by  Prof  Wood,  of 
Harvard  Medical  School.  The  test  was  applied  in  a  murder  case 
tried  in  New  Hampshire.  The  blood  of  a  stain  on  the  right  elbow 
of  a  brown  jacket,  about  one-quarter  inch  in  diameter;  another, 
about  one-half  inch  in  diameter  on  the  front  of  a  jacket,  were 
utilized.  One  half  of  the  elbow  stain  was  cut  out  and  soaked  with 
distilled  water  and  the  other  stain  was  scraped  over  half  its  extent, 
the  scrapings  being  caught  in  a  watch-glass  and  the  powder  treated 
with  distilled  water.  This  distilled  water  solution  was  placed  in  a 
small  test-tube  and  treated  with  an  equal  volume  of  double  normal 
salt  solution.  Four  little  spats  of  blood  on  the  leg  of  a  pair  of 
overalls  were  treated  in  the  same  manner  and  also  a  stain  of  about 
one-quarter  inch  in  diameter  on  the  other  leg.  A  few  threads  from 
two  blood  stains  on  a  towel  were  cut  out  and  a  solution  made  as 
before  described.  Also  some  clotted  blood  found  on  a  stone,  the 
latter  being  the  implement  with  which  the  murder  was  committed. 
All  of  these  solutions  were  placed  in  small  test-tubes  side  by  side, 
and  for  purposes  of  comparison  several  other  solutions  of  dried 
human  blood,  of  that  of  a  dog,  ox,  pig  and  sheep  were  employed. 
To  each  test-tube  one,  two  or  three  drops  of  the  testing  serum  were 
added.  A  distinct  precipitation  occurred  within  one-half  hour  in 
the  test-tubes  containing  the  blood  obtained  from  both  stains  on 
jacket,  the  legs  of  overalls,  the  stain  on  the  towel,  the  blood  on  the 
stone  and  in  the  test-tubes  containing  the  human  blood.     No  pre- 
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cipitation  or  cloudiness  was  obtained  from  the  blood  of  the  dog, 
pig,  ox  and  sheep. 

Several  other  instances  of  the  medico-legal  use  of  this  test  have 
been  reported  unofficially.  The  official  reports  will  probably  be 
published  in  the  near  future.  While  the  reaction  is  not  absolutely 
a  specific  one,  occurring  as  has  been  pointed  out  in  certain  other 
animals,  it  seems  to  be  reliable  in  distinguishing  human  blood  from 
the  blood  of  those  domestic  or  common  mammalian  animals  whose 
corpuscles  most  nearly  resemble  human  blood  corpuscles.  While, 
therefore,  it  may  not  wholly  replace  studies  of  the  size  of  cor- 
puscles and  differential  counts  of  leucocytes  to  determine  the  per- 
centage of  different  forms  of  granules,  yet,  as  a  method  of  medico- 
legal differentiation,  it  is  a  powerful  adjuvant  and  is  undoubtedly 
by  far  the  most  useful  test  at  the  present  time.  Some  experiments 
in  the  direction  of  agglutination  of  red  blood  corpuscles  by  serum 
of  immunized  rabbits  give  promise  that  in  the  future  this  method 
may  supplement  the  method  of  precipitation.  It  is  too  early,  how- 
ever, .to  consider  this  method,  which  has  certainly  not  as  yet 
reached  the  dignity  of  a  practical  procedure. 


StMed  Meeting,  December  19,  1902. 
President  Wistar  in  the  Chair. 

The  list  of  dcnutious  to  the  Library  was  laid  on  the  table 
and  thanks  were  ordered  for  them. 

The  President  appointed  Mr.  Henry  Pettit  to  prepare  an 
obituary  notice  of  the  late  Joseph  M.  Wilson. 

The  resignations  of  Messrs.  C.  Hanford  Henderson  and  ot 
Samuel  N.  Rhoads  were  received  and  accepted. 
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